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Introduction
The charm quark plays an important role in testing the Standard-Model (SM) because it rep-
resents a unique opportunity to study the possible coupling of non-SM particles with the up-
type quark sector. In this respect, CP violation is a powerful tool for investigating possible New
Physics effects. This field is only partially explored to date both theoretically and experimen-
tally; in fact the first evidence for the D0 − D¯0 mixing was obtained only a few years ago. A
theoretical description is not straightforward, since the masses of charmed hadrons, O (2 GeV ),
belong to a range where non-perturbative hadronic physics is operative and the phenomeno-
logical approximations commonly used in the strange and bottom sectors are of little help. Cur-
rent theoretical approaches to charm dynamics are based on establishing relations among de-
cay rates in different modes through amplitudes and phases, allowing to extract the theoretical
parameters by fitting the measured branching-fractions in several decay channels. Collecting
as many measurements as possible in different decay modes becomes crucial in order to reduce
theoretical uncertainties and advancing our limited understanding of the physics of the charm
sector. In this context, the LHCb experiment at CERN with its potential of collecting large sam-
ples of charm-decays represents an interesting opportunity.
The decay modes of charm mesons with an eta meson (η/η′) in the final state, are an inter-
esting area in need of better measurements. They amount to a relevant fraction of the hadronic
decays (∼ 30% for the Ds), and are still incompletely known: the Ds branching fractions have
significant uncertainties, and the measurements of CP asymmetries have uncertainties of 1-4
%, which is insufficient to test the expected CPV effects (< 1%). This is due to the experimental
difficulty of dealing with the photons in the final state coming from the eta meson decays, mak-
ing for lower resolutions and larger backgrounds. As a consequence, these channels were never
studied at hadronic colliders, due to the copious background of neutral particles produced in
those collisions− all current data coming from e+e− experiments BELLE and CLEO. In this the-
sis, we perform the first analysis of D+/D+s → η(
′)pi+ channels at a hadronic machine, showing
that it is possible to perform a good reconstruction at LHCb by using a η(
′) decay-channel with
at least two charged particles in the final state (e.g. pi+pi−γ).
Due to their experimental difficulty, the investigation of these decay modes was not taken into
consideration at LHCb during Run I. This has important implications on the data available
for our analysis. LHCb data is collected by selecting only the small fraction of events pass-
ing some strict selection criteria (“trigger lines”), aimed at well-defined decay channels, and
none of these trigger lines had been foreseen for the decays of our interest. We have therefore
1
2 Introduction
exploited for our study the data selected by a trigger line devised with a different aim: the re-
construction of D+→ h+h+h− decays. We determined that a sufficient number of decays of our
interest are selected within that line as a side-effect.
Following the studies which had aimed to improve the signal to background ratio and the signal-
event number, a preliminary measurement of the D and Ds CP-asymmetries in the η′ channel
was performed, for both 2011 and 2012 data-samples. The central value of this measurements
is currently being kept “blind” to avoid any experimenter bias until the final approval of all de-
tails of the measurement by the collaboration, but its statistical-power is already determined.
The importance of the charm-quark is discussed in Chapter 1, focusing in particular of the de-
cays of our interest. Chapter 2 presents the LHCb experiment, with a brief description for each
detector. The reconstruction and selection procedures of 2011 and 2012 samples are reported
in Chapter 3. In Chapter 4 we discuss the procedure of the AC P measurement by applying fidu-
cial cuts and defining a kinematic binning in the pion kinematic-space. Finally, a preliminary
estimate of the systematic uncertainties is provided in Chapter 5.
Chapter 1
CP violation in charm physics
The Standard Model of particle physics (SM) [1][2] is a theory developed in the 1970s which aims
to describe elementary particles and their interactions. Its predictions have withstood extensive
scrutiny by several experiments. Although the SM currently provides the best description of the
subatomic world, it does not explain the complete experimental picture. It incorporates only
three out of the four fundamental forces, omitting gravity, and it does not describe the nature
of the dark matter. Moreover the SM does not explain why there are three generations of quarks
and leptons and their mass scale hierarchy, nor matter-antimatter asymmetry of the Universe.
The presence of these and other open questions suggest that the SM could be an effective the-
ory corresponding to a low-energy approximation of a more complete theory of fundamental
interactions.
A very important role in the search of physics beyond the SM is played by CP violation, that is
the violation of the symmetry resulting from the inversion of all quantum numbers ( C trans-
formation) and spatial coordinates (P transformation) of the particles involved in a physical
process. Currently, an important field of CP violation investigation is represented by heavy fla-
vor physics, involving charmed and bottom hadrons. The charm quark is particularly relevant,
since it represents an unique opportunity to study possible coupling of non-SM particles with
an up-type quark.
1.1 CP violation
Discrete symmetries represent the invariance of a physical system under those transformations
which lead the system to a limited number of final states. The following discrete symmetries
are particularly relevant in modern physics: charge conjugation (C), spatial parity (P) and time
reversal (T).
Charge conjugation transforms a particle into its antiparticle changing all intrinsic quantum
number signs:
C : q−>−q (1.1)
This transformation leaves kinematics quantities and spin unchanged.
The parity transformation inverts the spatial coordinates, leaving spin and intrinsic quantum
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numbers unchanged:
P :~r−>−~r (1.2)
The transformation which acts on both spin and kinematics quantities is time reversal:
T : t−>−t (1.3)
It operates on the time coordinate and has no effect on the intrinsic quantum numbers.
The SM belongs to those quantum field theories which are invariant under CPT, that is the si-
multaneous transformation of C, P and T . All observations indicate that CPT is a fundamental
symmetry of Nature [3, 4, 5].The CPT symmetry implies that if a part of the symmetry is broken
even the complementary one must be violated. In this way CP violation signifies that T is vio-
lated too.
In 1964 the experiment of J. Cronin and V. Fitch [6] on neutral kaons had shown that CP sym-
metry is broken in weak interactions. This was the first evidence of indirect CP violation, which
manifested itself when weak eigenstates are not pure eigenstates of CP but contain a small
amount of the “wrong” CP value. Indirect CP-violation could be classified as CP-violation in
mixing, which consists in different decay rates between the oscillation from particle to its anti-
particle and the opposite process, and CP-violation in interference between mixing and decay
diagrams. In 1999 was established the first evidence of direct CP violation, still in neutral kaons,
both at CERN (NA48) [7] and at Fermilab (KTeV) [8]. Direct CP violation does not concern with
an admixture of CP states but occurs directly in the decay.
1.1.1 Cabibbo-Kobayashi-Maskawa matrix
Within the Standard Model, CP symmetry is broken by an irreducible complex physical phase
in the Yukawa quark-term of the SM Lagrangian. In the basis of mass eigenstates, the charged-
current weak interactions for quarks have the following form:
L CCi nt =−
g2p
2
(u¯L , c¯L , t¯L)γ
µVC K M
 dLsL
bL
W †µ +h.c. (1.4)
Where VC K M is the unitary 3×3 Cabibbo-Kobayashi-Maskawa matrix [9, 10], which parametrizes
complex couplings between the quark-mass eigenstates and the charged weak gauge bosons
(W ±):
VC K M =
 Vud Vus VubVcd Vcs Vcb
Vtd Vt s Vtb
 (1.5)
CKM matrix for three generations of quarks can be parameterized by three mixing-angles and
one complex phase. The latter one is the CP-violating phase, also known as the Kobayashi-
Maskawa phaseδK M , which makes the wave function not-simmetric under the T -transformation.
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Magnitudes of CKM matrix elements can be determined using a global fit to all available mea-
surements with the VC K M unitarity constraint. The current knowledge of the matrix elements
is as follows [11]:
VC K M =
 0.97427±0.00014 0.22536±0.00061 0.00355±0.000150.22522±0.00061 0.97343±0.00015 0.0414±0.0012
0.00886+0.00033−0.00032 0.0405
+0.0011
−0.0012 0.99914±0.00005
 (1.6)
As pointed out by the values of |Vi j |, transitions between the same generation are favored com-
pared to those between two different generations. For example, transitions between the first
and the second generation are suppressed by factors of O (10−1), and those between the first
and the third one are suppressed by O (10−3). Transitions between the same generation are
represented by diagonal elements and are of the order of ∼ 1. The VC K M Wolfenstein parame-
terization [12] brings out this hierarchical pattern by introducing four quantities λ, A, ρ, η:
VC K M =
 1−λ2/2 λ Aλ3(ρ− iη)−λ 1−λ2/2 Aλ2
Aλ3(1−ρ− iη) −Aλ2 1
+O (λ4) (1.7)
where λ is the expansion parameter, which is related to the Cabibbo angle (sinθc = 0.232±
0.002). The δK M phase is related to the (ρ − iη) term in this parametrization. The unitarity
condition of the VC K M matrix is:
V †C K M VC K M =I (1.8)
This relationship results in 6 normalization and 6 orthogonality equations. The six vanishing
equations can be represented as triangles in a complex plane, all having the same area. These
are all known as unitarity triangles, although the most commonly used among them is the tri-
angle arising from
Vud V
∗
ub +Vcd V ∗cb +Vtd V ∗tb (1.9)
Using the Wolfenstein parameterization last equation can be written as follows:
Aλ3[(ρ+ iη)−1+ (1−ρ− iη)]= 0 (1.10)
There are several parameterizations of the VC K M matrix; the following one is an extension of
the Wolfenstein parameterization [13]:
VC K M =
 1− 12λ2− 18λ4 λ+O (λ7) Aλ3(ρ− iη)−λ+ 12 A2λ5[1−2(ρ+ iη)] 1− 12λ2− 18λ4(1+4A2) Aλ2+O (λ8)
Aλ3(1− ρ¯− i η¯) −Aλ2+ 12 Aλ4[1−2(ρ+ iη)] 1− 12 A2λ4
 (1.11)
where
ρ¯ = ρ(1− λ
2
2
) , η¯= η(1− λ
2
2
) (1.12)
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With this parameterization Eq. 1.10 includes higher order terms in λ, which means higher pre-
cision on unitarity triangle parameters:
Aλ3[(ρ¯+ i η¯)−1+ (1− ρ¯− i η¯)]+O (λ7)= 0 (1.13)
The current values of the Wolfenstein parameters are [11]:
λ= 0.22537±0.00061, A = 0.814+0.023−0−024 (1.14)
ρ¯ = 0.117±0.021, η¯= 0.353±0.013 (1.15)
Figure 1.1 shows the unitarity triangle in the complex (ρ¯, η¯) plane:
Figure 1.1: Unitarity triangle in (ρ¯, η¯) plane.
Two vertices are fixed at (0,0) and (1,0), while the third has ρ¯ and η¯ parameters as coordinates.
The area of the unitarity triangles is equal to |J |/2, where J is the Jarlskog invariant[15], which
is defined by:
Im[Vi j Vkl V ∗i l V
∗
k j ]= J
∑
m,n∈(d ,s,b)
²i km² j l n (1.16)
and approximated by J ≈λ6 A2η in the Wolfenstein parametrization. The Jarlskog invariant ap-
pears in any CP-violating quantity in the SM as a costant of proportionality, thus CP violation
occurs only if J 6= 0. Current measurements indicate J = (2.96±0.20−0.16)×10−5 [16]. The geometri-
cal meaning of CP violation is that the unitarity triangles do not degenerate into lines.
Figure 1.2 illustrates the global fit result in (ρ¯, η¯) plane, obtained by combining various mea-
surements. The peak vertex of the triangle is lying in a red-outlined region, which represents the
constraint obtained by combining all measurements. By improving the current measurements
on CKM matrix parameters is possible to reduce the size of this allowed region, measuring the
position of the vertex more precisely. An experimental result inconsistent with this vertex could
represents a glimpse of the so called “New Physics”, i.e. physics beyond the Standard Model. In
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Figure 1.2: Global CKM fit in (ρ¯, η¯) plane.
this scenario, CP violation could provide a probe of non-SM physics. The amount of CP viola-
tion in the SM could not provide an explanation for all the cosmological baryon asymmetry in
the Universe. Indeed, many extension of the Standard Model provide additional searches of CP
violation in non-SM processes. For this and other reasons there are several experiments, like
LHCb at CERN, whose aim is to study physics processes sensible to CP violation and improve
our knowledge of Nature.
1.1.2 Direct CP-violation
In this work we focused on direct CP violation, which results in different magnitudes of a decay
amplitude and its CP conjugate state. Given a specific final state f , consider the decay D → f
with amplitude A f and its CP conjugate process D¯ → f¯ , with amplitude A¯ f¯ . The definition of
CP violation in decay is the following one:
∣∣∣∣ A¯ f¯A f
∣∣∣∣ 6= 1 (1.17)
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In charged meson decays the only source of CP asymmetries is:
A f ± =
Γ(D−→ f −)−Γ(D+→ f +)
Γ(D−→ f −)+Γ(D+→ f +) =
∣∣∣∣ A¯ f¯A f
∣∣∣∣2−1∣∣∣∣ A¯ f¯A f
∣∣∣∣2+1
(1.18)
where Γ(D → f ) is the decay rate of the particle D to the final state f . There are two types
of phases which may appear in these decay amplitudes: they are called “weak” and “strong”
phases. Weak phases are related to complex parameters which appear in the Lagrangian terms
that contribute to the decay amplitudes. These phases appear in A f and A¯ f¯ with opposite signs
and occur only in the CKM matrix, that is why they are called “weak” phases. Strong phases are
generated in CP-invariant interactions, like strong interaction, hence they are called “strong”
phases. They do not violate CP, and appear in A f and A¯ f¯ with the same signs.
The weak and strong phases of any single term are convention-dependent, but the difference
between the phases in two different terms of A f is convention-independent. Thus, only the
relative phases between two different terms in the decay amplitude are physically meaningful.
By separating each contribution to the decay amplitude, we obtain:
A f = |A1|e i (δ1+φ1)+|A2|e i (δ2+φ2) (1.19)
A¯ f¯ = |A1|e i (δ1−φ1)+|A2|e i (δ2−φ2) (1.20)
where A1 and A2 are real amplitudes, δ1 and δ2 are CP-conserving phases and φ1 and φ2 are
weak phases, which change sign under CP transformation. Using these definitions, CP asym-
metry 1.18 can be written as
A f ± =−
2|A1||A2|sin(δ2−δ1)sin(φ2−φ1)
|A1|2+|A2|2+2|A1||A2|cos(δ2−δ1)cos(φ2−φ1)
(1.21)
This equality shows that CP violation in decay can be observed only if at least two terms of the
decay amplitude have different weak and strong phases.
1.2 Charm
The existence of a fourth quark has been theoretically discussed in 1964 by Bjorken and Glashow
[14], whom called it the “charm” quark. The first cc¯ bound state, called J/Ψ, was discovered in
1974 by two independent research groups at SLAC [17] and Brookhaven Laboratory [18]. After
a few years also “open charm” states were discovered : D0 and D+. These states result from the
breakup of charmonium into a pair of mesons, one formed by the charm quark plus a lighter
antiquark and the other containing the anticharm quark plus a lighter quark.
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The mass value of charmed mesons is approximately of 2GeV /c2. D0 neutral mesons, which
are formed by a charm quark and an up antiquark, have a lifetime of about 1040 fs, correspond-
ing to a cτ of almost 130 µm. Charged mesons, i.e. D+ (cd¯) and D+s (c s¯), have longer lifetimes
of almost 1040 fs (cτ' 312µm) and 500 fs (cτ' 150µm) respectively.
While the phenomenology of strange and beauty hadrons decays has been already broadly
studied in the past few years, the charm-dynamic is still partially unexplored, due to both ex-
perimental and theoretical limitations. From a theoretical point of view, the predictions in this
field are not straightforward since the masses of charmed hadrons, O (2 GeV ), belong to a range
where non-perturbative hadronic physics is operative and the phenomenological approxima-
tions commonly used in the strange and bottom sectors are of little help. This leads to large
uncertainties in the theoretical picture of the charm-dynamics.
On the experimental side, the interest for the charm flavor sector has increased during the past
few years because of the first evidence for the D0− D¯0 mixing provided by BaBar [19] and Belle
[20]. The non-mixing hypothesis in the charm sector is now excluded with a probability cor-
responding to 9.1 standard deviations, due to the first observation from a single measurement
provided by the LHCb collaboration [21]. Until a few years ago experimental sensitivities to pa-
rameters related to mixing and CP-violation in the charm sector were still orders of magnitude
larger than most SM and non-SM expectations. This represents the most important challenge
for the experimental analysis in the charm-sector, i.e. to reach the necessary sensitivities of
10−3 or less in order to investigate possible CP-violation effects. Collecting as many measure-
ments as possible in different decay-channels allows to reduce theoretical uncertainties over
the parameters involved in charm dynamics, i.e., the decay amplitudes and phases.
1.2.1 Experimental considerations
Several types of experiments, operating in different conditions, have contributed and are still
contributing to the exploring of charm physics. The pioneers in this field were the fixed target
experiments, among which those operating at Fermilab, such as E691 and Focus, were the most
significant ones. In the E691-experiment samples of nearly 10000 reconstructed charm decays
were produced by photo-production [27]. Nearly ten years later the FOCUS experiment was
able to produce over 106 charm decays. Over the last few decades the most important contribu-
tions to flavor physics came from e+e− machines and hadron colliders. About e+e− machines,
the majority of the results have come from CLEO, BaBar and Belle experiments, which oper-
ated at the Υ(4S) resonance (corresponding to center-of-mass energies of approximately 10.6
GeV/c2) producing B 0B¯ 0 and B+B− pairs. The cross section for cc¯ pair production is σ ∼ 1.3
nb [28] at the Υ(4S) resonance. At hadron machines the production cross-section to produce
charm hadrons is significantly higher: σhc = (1.23± 0.19) mb in the range 0 < pT < 8 GeV/c,
2 < y < 4.5, in pp collision at LHC with a center-of-mass energy of 7 TeV [30], more than six-
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order of magnitudes higher thanσcc¯ at e+e− machines. On the other hand, the integrated lumi-
nosities at hadron collider experiments such as LHCb are significantly lower than the integrated
luminosity achieved at B-factories (3 fb−1 vs 1 ab−1).
1.2.2 Charm meson dynamics
Charmed hadronic decays are classified according to the degree of CKM matrix element sup-
pression:
• Cabibbo-Favored decays (CF), with amplitudes proportional to the product Vud V ∗cs ;
• Singly Cabibbo-Suppressed decays (SCS) with amplitudes proportional to the product VusV ∗cs
or Vud V
∗
cd ;
• Doubly Cabibbo-Suppressed decays (DCS) with amplitudes proportional to the product
VusV ∗cd .
The relative hierarchy of these amplitudes is 1:λ:λ:λ2. A way to describe these transitions is
the so-called “topological- diagram” approach, whose basic idea is to establish relations among
different decay modes. These relations allow to estimate theoretical parameters by fitting the
BFs measured in several decay channels. Vice versa, they are useful when some measured
decay rates are related to some unknown decay rates, providing us a prediction of the latter
ones. In the topological-diagram approach relations can be built on a set of topological ampli-
tudes describing D-decays over the strong interaction scale and which are classified according
to the topologies of weak interactions. These amplitudes could be distinguished in two mainly
groups: tree and penguin amplitudes, and weak annihilation amplitudes. The first group in-
cludes the following amplitudes: color-allowed (T ) and color-suppressed (C ) tree amplitudes
, with an external and internal W-emission respectively, QCD-penguin amplitude (P ), color-
favored (PEW ) and color-suppressed (PCEW ) electro-weak penguin amplitudes and the singlet
QCD-penguin amplitude (S), which involves SU(3)-singlet mesons like η(
′), ω,φ. The second
group includes W-exchange (E) and W-annihilation (A) amplitudes, QCD-penguin exchange
(PE) and QCD-penguin annihilation (PA) amplitudes, electro-weak penguin exchange (PE AW )
and electro-weak penguin annihilation (PAEW ) amplitudes. In Figure 1.3 are shown the corre-
sponding topological-diagrams[41].
The penguin amplitudes should be negligible [26] since they are proportional to O (λ4) terms
and to V ∗cd Vud , V
∗
csVus products, which in the SU(3) limit could be considered equal and with
opposite signs. As an example of how the decay amplitudes could be factorized in terms of the
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Figure 1.3: Topology of possible flavor diagrams.
topological amplitudes we consider the D+(s) → η(
′)h+ decay modes [26], which consist of all the
Cabibbo-decay topologies:
• D+s → ηpi+ (CF): V ∗csVud (
p
2Acosφ - Tsinφ);
• D+s → η′pi+ (CF): V ∗csVud (
p
2Asinφ + Tcosφ);
• D+→ ηpi+ (SCS): 1p
2
V ∗cd Vud (T’+C’+2A’)cosφ - V
∗
csVusC’sinφ;
• D+→ η′pi+ (SCS): 1p
2
V ∗cd Vud (T’+C’+2A’)sinφ + V
∗
csVusC’cosφ;
• D+→ ηK+ (DCS): V ∗cd Vus( 1p2 (T”+A”)cosφ - A”sinφ);
• D+→ η′K+ (DCS): V ∗cd Vus( 1p2 (T”+A”)sinφ + A”cosφ);
where φ is the η−η′ mixing angle defined in the flavor basis ηq and ηs(
η
η′
)
=
(
cosφ −sinφ
sinφ cosφ
)(
ηq
ηs
)
(1.22)
with ηq = 1p2 (uu¯+dd¯) and ηs = ss¯.
In the SU(3) limit, primed and unprimed amplitudes should have the same values. A relevant
violation of SU(3) symmetry in some Cabibbo suppressed modes was observed . The related
effects can be in part accounted for by SU(3) violation in T and C amplitudes. In some cases
SU(3)-breaking in T and C amplitude alone is not sufficient to explain the discrepancy with the
collected data. An example is the ratio of the D0 → K+K−, pi+pi− BFs, which should be equal
to 1 in the SU(3) limit, while it is measured to be ∼ 2.8 [42]. This calls for the consideration of
possible SU(3) breaking effects in the W-exchange amplitudes.
The D+(s) → η(
′)h+ decay channels are a subset of the D → PP decays, i.e. decays of D-hadrons
in two pseudoscalar mesons, (e.g.: D0 → pi+K−, D+→ η′pi+). Considering this decay-typology
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in the SU(3) limit, there are 10 free theoretical parameters (the four amplitudes T , E , C , A and
six relative phases). This fact points out the reason why it is important to collect several mea-
surements in different decay channels: exploring as many channels as possible allows to con-
strain theoretical parameters and to reduce the uncertainties. An example is the measurement
of the relative strong phases between tree and W-annihilation amplitudes, δT A, provided by
the Belle Collaboration [39]. They measured the ratios BF (D
+→η(′)K+)
BF (D+→η(′)pi+) and then used the existing
measurements of the SCS D → PP modes [29] to calculate the absolute BFs. The δT A phase dif-
ference was extracted by combining the BFs measurements of the D+→ ηK+, D+→ η′K+ and
D+→K+pi0 decay modes.
1.2.3 D±(s) → η(
′)pi± channels
The D±(s) → η(
′)h± modes are an interesting area in need of better measurements. They amount
to a relevant fraction of the hadronic decays (∼ 30% for the Ds), and are still incompletely
known: the Ds branching fractions have significant uncertainties, and the measurements of
CP asymmetries have uncertainties of 1-4 %, which is insufficient to test the expected CPV ef-
fects (< 1%). Regarding D+→ ηpi+ branching fraction, the experimental measurement (Table
1.2) and the theoretical prediction are not compatible [42], presumably because SU(3) breaking
effects in the W-exchange amplitudes still have to be included in the theoretical description.
CP-violation in these decay modes is expected to be negligible in CF and DCS channels, since
no interference occurs at tree level, while in the SCS channels it manifests itself at tree-level
with the interference among T , C and A amplitudes. CPV in these decay modes is expected to
be 10−3 or smaller [41] since
aC P ∝
Im(V ∗cd Vud V
∗
csVus)
|V ∗cd Vud |2
(1.23)
The existing measurements of the BFs and AC P in these channels come from the B-factories,
since the presence of a neutral meson in the final state makes the reconstruction of the final
state at hadronic machines difficult. The only previous analysis at hadronic colliders of decays
with an η/η′ in the final state were performed by LHCb, in the beauty-sector [31],[32],[33].
The challenge of the neutral-meson reconstruction in a hadronic environment is represented
by the copious number of particles produced during collisions, larger than the corresponding
number at e+e− machines, which makes it harder to distinguish signal from background. The
expedient we used in this analysis is to reconstruct the η(
′) meson with at least two charged
particles in the final state (pi+pi−γ). The two charged-tracks, which are reconstructed with high
accuracy by the LHCb-tracking system (see Section 2.2.1), combined with the pion from the
D decay track and the calorimeter-information, allow to reconstruct the decay vertex and the
photon-momentum with good precision. An additional improvement is provided by constrain-
ing the η(
′)-daughter-particles to the η(
′) mass.
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In this work we focused on the decay modes with pions in the final state. The pion resulting
from the D(s) decay is called “ bachelor” pion (pibach) and is used as tag for the D-charge. The T
leading amplitudes of these decays are shown in Figure 1.4 for both D and Ds decays, while the
branching fractions are summarized in Table 1.2 together with the branching fraction products
for each decay channel.
(a) D±s → η(
′)pi± CF decay. (b) D±→ η(′)pi± SCS decay.
Figure 1.4: T-leading amplitudes for D±(s) → η(
′)pi± channels [40].
The η meson was discovered in 1961 [23], which is the year of the formulation of the Eight-
fold Way. Only three years later the η
′
meson was discovered independently at Lawrence Radi-
ation Laboratory [24] and Brookhaven National Laboratory [25].The η and η
′
are pseudo-scalar
mesons with masses about 548 MeV/c2 and 958 MeV/c2 respectively, which decay mainly in
hadronic and radiative modes. As shown in Table 1.1, the η(
′) final state used in this analysis, i.e.
pi+pi−γ, results to be favored in the η′ channel compared to the η channel.
Channel B(%)
η→ γγ 39.31±0.20
η→pi0pi0pi0 32.57±0.23
η→pi+pi−pi0 22.74±0.28
η→pi+pi−γ 4.60±0.16
Channel B(%)
η′→pi+pi−η 43.2±0.7
η′→pi+pi−γ 29.3±0.6
η′→pi0pi0η 21.6±0.8
η′→ γγ 2.22±0.08
Table 1.1: Main decays of η and η
′
mesons, with their branching fractions.
Channel B(%)
D+s → ηpi+ 1.83±0.15
D+s → η
′
pi+ 3.94±0.33
D+→ ηpi+ 0.353±0.021
D+→ η′pi+ 0.467±0.029
Channel
∏
B (10−4)
D+s → ηpi+, η→pi+pi−γ 7.2±1.2
D+s → η′pi+, η′→pi+pi−γ 111.0±13.6
D+→ ηpi+, η→pi+pi−γ 1.6±0.2
D+→ η′pi+, η′→pi+pi−γ 13.7±1.1
Table 1.2: D(s) branching fractions and BF-product-chain for the D±(s) → η(
′)pi± channels.
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1.2.4 Goal of the analysis: measurement of CP-asymmetries
In this work, we extract the CP asymmetries for D+→ η′pi+ and D+s → η′pi+ decays.
The search for direct CP violation is performed by measuring the following experimental
parameter:
Ar awC P =
ND −ND¯
ND +ND¯
(1.24)
where ND and ND¯ represent the number of D → f and D¯ → f¯ events after background sub-
traction, respectively. This observable differs from the real CP-asymmetry because of the pro-
duction asymmetry of the D-meson (Apr od ) and the detection asymmetry of the bachelor pion
(Adet ):
Ar awC P = AC P + Apr od + Adet (1.25)
Several instrumental effects contribute to Adet , which lead to different detection efficiencies
between tracks with opposite charge. Considering the magnet polarity, this asymmetry can be
split into two components:
• a component that does not change sign when the magnet polarity is reversed, which
arises from different detection efficiencies for opposite-charged-tracks. The reason is
that particles and antiparticles have different interaction cross sections with detector-
material.
• A component that depends on the magnet polarity, introduced by a left-right detector
asymmetry.
The last one could be reduced by inverting periodically the polarity of the magnet.
Apr od is originated by the type of collisions at LHC (pp), which introduces an asymmetry in the
hadronization process due to the valence-quarks (uud). For example a c quark could couple to
valence quarks to form a charmed baryon, leaving an excess of c¯. These would hadronize with
the d quark , creating an excess of D− over D+ mesons. Apr od is defined as:
Apr od =
σ(D+(s))−σ(D−(s))
σ(D+(s))+σ(D−(s))
(1.26)
where σ(D−(s))) is the production cross-section. Production-asymmetry measurements are usu-
ally performed on CF-decay samples, since no significant CPV is expected, by splitting the kine-
matic space of the mother particle into several bins to capture the dependency of Apr od in trans-
verse momentum and pseudorapidity, in every one of which Apr od is considered constant.
When measuring CP-asymmetries, Apr od and Adet represent a source of bias. A way to cancel
them is to evaluate not the individual AC P , but the difference ∆AC P between the CP asymme-
tries in two decays which share the same production and detection asymmetries. This type
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of measurement is robust against the detection and production asymmetry systematics, since
they cancel at first order. A convenient choice for the control channels is represented by the
Cabibbo favored D+ → KSpi+ and D+s → φpi+ decays, for which the raw C P asymmetries are
expected to be unmeasurably small [34]:
∆AC P (D
+→ η′pi+)≡ Ar aw (D+→ η′pi+)− Ar aw (D+→KSpi+), (1.27)
∆AC P (D
+
s → η′pi+)≡ Ar aw (D+s → η′pi+)− Ar aw (D+s →φpi+), (1.28)
where the contribution of C P violation in the neutral kaon system to Ar aw (D+→KSpi+) is small
enough to ignore [35].
The raw asymmetries for these control channels have been extracted and used in 2011 to
measure the D+ and D+s production asymmetries in
p
s = 7 TeV pp collisions [35, 36]:
Apr od (D)= (−0.96±0.26±0.18)% , Apr od (Ds)= (−0.33±0.22±0.10)%. (1.29)
Similar measurements at
p
s = 8 TeV have not been performed, yet. The results in this
work will therefore be expressed in terms of the raw CP asymmetries Ar aw (D+ → η′pi+) and
Ar aw (Ds → η′pi+), which include the production effects and residual detection asymmetries.
The existing measurements for these channels are shown in Table 1.3. The statistic error is
∼ 1% for Belle and ∼ 2÷3% for CLEO, while the systematic error is < 1% in both cases. Predic-
tions based on the topological-diagram approach for the D(s) → η(′)pi channels are 0.37×10−3
and -0.21×10−3 for the η and η′ CP-asymmetries at tree-level [41]. New physics effects could
manifest themselves with a significant deviations from these values,enhancing AC P up to the
percent level. There are no measurements to date with the sensitivities required to test these
predictions. In this scenario, the possibility of collecting large samples of charm-decays repre-
sents an opportunity for improving the accuracy of current measurements.
Channel AC P Ref. Year Experiment
D+→ ηpi+ (−2.0±2.3±0.3)% [37] 2010 CLEO
D+→ ηpi+ (+1.74±1.13±0.19)% [39] 2011 Belle
D+→ η′pi+ (−4.0±3.4±0.3)% [37] 2010 CLEO
D+→ η′pi+ (−0.12±1.12±0.17)% [39] 2011 Belle
D+s → ηpi+ (−4.6±2.9±0.3)% [37] 2010 CLEO
D+s → ηpi+ (+1.1±3.0±0.8)% [38] 2013 CLEO
D+s → η
′
pi+ (−6.1±3.0±0.3)% [37] 2010 CLEO
Table 1.3: Existing measurements for the D±(s) → η(
′)pi± channels.
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Chapter 2
The LHCb experiment at LHC
The Large Hadron Collider (LHC) is a proton-proton and heavy ion collider located at the CERN
laboratory in a 27 Km long circular tunnel, about 100 m underground.
Two proton or ion beams circulate in opposite direction in separate beam pipes. They collide
in four distinct point along the ring, where are installed the detectors of the four major LHC
experiments: ATLAS, CMS, ALICE and LHCb. The first two are general-purpose experiments,
while ALICE and LHCb are specifically designed to investigate the heavy-ion and heavy-flavor
physics, respectively. There are also two smaller experiments: TOTEM and LHCf. The purpose
of the first is to measure the total pp cross section, the second aims to study some aspects of
astroparticle physics.
Protons are extracted from hydrogen gas and accelerated by a succession of machines, as shown
in Figure 2.1 .
Figure 2.1: Schematic view of the CERN accelerator complex.
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They are first accelerated up to the energy of 50 MeV by the LINAC 2 and then up to 1.4 GeV
by the Booster. Protons reach the energy of 25 GeV and 450 GeV respectively in the Proton Syn-
chrotron (PS) and Super Proton Synchrotron (SPS). Finally they are injected in the LHC.
Beams are bent by 1232 NbTi superconducting dipole magnets 15 m long and chilled at a tem-
perature of 1.9 K by the LHC cryogenic system. They are able to produce a magnetic field of 8.3
Tesla. A collection of quadrupole magnets, each 5-7 m long, focuse the beams.
Proton beams are not continuous but split in bunches, each one composed by 1011 protons.
Two adjacent bunches are time-spaced for a multiple of 25 ns, which corresponds to a bunch-
crossing rate of 40 MHz.
The design peak instantaneous luminosity of the LHC is 1034 cm−2s−1 at a center of mass energy
of 14 TeV. However in the last years the energy was limited to 7 and 8 TeV during the 2010-2011
and 2012 operations, respectively. The LHC is expected to operate at the energy of 14 TeV this
year, in 2015, after the machine and detectors upgrades. The table 2.1 reports the main param-
eters of LHC pp runs during the last years.
2010 2011 2012 design
peak luminosity (cm−2 s−1) 2.1 ·1032 3.7 ·1033 7.7 ·1033 1 ·1034
proton energy (TeV) 3.5 3.5 4 7
maximum bunches per beam 368 1380 1380 2808
maximum bunch intensity 1.2 ·1011 1.5 ·1011 1.6 ·1011 1.15 ·1011
bunch separation (ns) 150 50 25-50 25
Table 2.1: Main LHC parameters during 2010, 2011 and 2012 runs, compared to the corresponding design values.
CONTROLLARE
2.1 Heavy-flavor physics at LHC
Nowadays LHC is the most important source of b and c hadrons. The total cross section and its
inelastic component at
p
s = 7 TeV are [43]:
σ(pp total)= (98.3 ± 0.2 ± 2.8)mb (2.1)
σ(pp inelastic)= (73.5 ± 0.6 +1.8−1.3)mb (2.2)
The cross sections for the production of bb¯ and cc¯ quark pairs through strong interactions atp
s = 7 TeV are:
σ(pp → bb¯X )= (284 ± 20 ± 49)µb (2.3)
σ(pp → cc¯ X )= (6.10 ± 0.93)mb (2.4)
Charm-quark production is nearly 20 times higher than bottom-quark production. As shown
in Figure 2.2 these cross sections are expected to approximately-linearly increase with the rais-
ing of the center-of-mass energy from 7 to 14 TeV. The inclusive bb¯ production cross section
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Figure 2.2: Cross sections for pp¯ and pp collisions as a function of center–of–mass energy.
decreases when the rapidity 1 difference between b and b¯ quarks or the transverse mass of the
bb¯ system increase. This results in bb¯ pairs produced mainly with collinear quarks, as shown in
Figure 2.3. The fact that at high energies both the b and b¯ hadrons are predominantly produced
in the same forward or backward cone motivates the design of the LHCb detector, as discussed
in the next section.
1The rapidity is defined as y= 12 ln(
E+pz
E−pz ). A more common used physical quantity is the pseudorapidity η =
−l n( t gθ2 ), which converges to y in the ultra-relativistic limit.
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CHAPTER 2 2.2. THE LHCB DETECTOR
Figure 2.3: Angular correlation between the b quark and the b¯ antiquark in bb¯ quark–pair pro-
duction processes, as simulated by the PYTHIA event generator.
Figure 2.4: Layout of the LHCb detector. The beam is along the z axis.
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Figure 2.3: Angular correlation between b and b¯ quarks in bb¯ quark-production process, as simulated by PYTHIA
event generator.
2.2 LHCb
LHCb (Large Hadron Collider beauty) is the LHC experiment projected to study the heavy-flavor
physics. Its most important goal is to search for indirect evidences of physics beyond the Stan-
dard Model, by studying CP violation and rare decays of charmed and bottom hadrons.
LHCb is a single-armed spectrometer with a forward angular coverage from 10 mrad to 300
(250) mrad in the bending (non-bending) plane, which corresponds to a pseudorapidity range
of 1.8 < η< 4.9.
LHCb detector, shown in Figure 2.5 consists in a charged-particle tracking system and a particle
identification system. The tracking system includes a dipole magnet and three different detec-
tors: the vertex locator (VELO) and the tracker turicensis (TT), both upstream of the magnet,
and three tracking station (T1,T2,T3) placed downstream of the magnet. Particle identification
system includes two ring imaging Cherenkov (RICH) detectors, two calorimeters (electromag-
netic and hadronic) and the muon chambers.
The right-handed coordinate-system adopted has z axis along the beam, and y axis pointing
upwards.
In the LHCb intersection point the nominal LHC luminosity value is reduced toL = 4·1032cm−2s−1.
This is due to the fact that when beams intersect, multiple primary pp interactions may occur,
causing high occupancy in the detector; this must be limeted to keep data acquisition efficiency
optimal. Moreover, high particle density may cause relevant radiation damage to the detector.
For these reasons luminosity leveling is used, defocusing beams by moving them apart trans-
2.2 LHCb 21
versely. This process is progressively modified during a fill, in order to keep constant collision
rate as the beam current decrease. In these conditions the average number of primary pp inter-
action per bunch crossing reduces almost to 1. The LHCb integrated luminosity as a function
of time during 2010, 2011, and 2012 pp runs is shown in Figure 2.4.
Particles originated from primary vertices with significant lifetime and sufficient momentum
may travel a measurable distance before decaying. The space–points in which such decays oc-
cur are referred to as secondary vertices. Typical c and b hadrons in LHCb have momenta of
O (100) GeV/c and decay lengths of O (1) cm.
Due to the forward geometry of the LHCb detector, only particles moving in the forward direc-
tion may be detected in both tracking and particle–identification detectors. Backward–moving
particles, which may traverse only the most upstream section of the VELO, are used in the trig-
ger to determine the number and longitudinal positions of the primary vertices.
Figure 2.4: LHCb integrated luminosities as a function of time during 2010, 2011, and 2012 pp runs .
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Figure 2.5: Layout of LHCb detector.
2.2.1 Tracking system
The tracking system must provide accurate measurements of charged-particle spatial coordi-
nates, in order to determine momentum, charge and vertex position.
The dipole magnet
The LHCb dipole magnet produce a magnetic field, mainly direct along the y axis, of about 4
T·m integrated along 10 m for tracks originated from the interaction point. This magnetic filed
provides bending for the momenta-measurements of charged-particle tracks, with a momen-
tum resolution of 0.4-0.6% for momenta in the range 5-100 Gev/c.
The magnetic field is non-uniform on xy planes,and its non-uniformity is measured to be ±1%
over an area of 1 m2, from z = 3 m to z = 8 m. The magnetic field is reduced to 2 mT in the two
RICH-detectors region, due to their sensitivity to the residual magnetic field.
The cover the full acceptance of the LHCb detector, the magnet has an aperture of ±300 mrad
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(±250 mrad) in the bending (non-bending) plane. It consists in two identical saddle-shaped
coils, each one composed by 15 laminated low carbon-steel plates, 10 cm thick. The magnet
has a total weight of 1600 tons, and overall dimensions of 11 m x 8 m x 5 m. Its electric power
dissipation amounts to 4.2 MW; the nominal current in conductor material is 5.85 kA, while
the maximum current which is permitted is of 6.6 kA. The magnet perspective view is shown
in Figure 2.6. The current in the magnet is periodically invert, and similar amount of data are
collected with both polarities. This strategy allows to reduce the impact of systematic effects in
precision measurements of CP asymmetries. Measured magnetic field along z-axis is shown in
Figure 2.7.
Figure 2.6: Perspective view of the magnet, with dimensions in millimeters and interaction point behind the mag-
net.
Figure 2.7: Magnetic field along z-axis.
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Vertex locator detector
The VELO is a detector which measures charged particle trajectories in the region close to the
interaction point. Its aim is to reconstruct primary and secondary vertexes, with a spatial res-
olution better than typical decay lengths of b and c hadrons (cτ ∼ 0.01-1 cm). The VELO is
composed by 21 disk-shaped stations placed along the beam axis, inside the beam pipe, both
upstream (z> 0 cm) and downstream (z< 0 cm) of the nominal interaction point. Downstream
stations form the pile-up veto system, which provides primary vertexes positions along the beam
line and measures the total backward charged track multiplicity. Each tracking station is formed
by two retractile halves, called modules (Figure 2.8), each consisting in two series of silicon strip
sensors,r and φ sensors, whose aim is to measure r and φ particle intersection coordinates.
The two halves are fully open during LHC injection periods, in order to prevent silicon sensors
from possible damages.
Figure 2.8: Transverse view in the (x,z) plane of the VELO detector and a front-view of a single station, in closed
and open configuration.
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Both r and φ sensors are centered around the nominal beam position and have a sensitive
area covering the region from r = 8 to r = 42 mm. Sensor geometry is shown in Figure 2.9. r sen-
sors consist in semicircular and concentric strips, each one subdivided into four 45◦ regions.
The pitch increases from 38 µ at the innermost radius up to 101.6 µm at the outermost radius.
φ sensors are subdivided in two concentric regions, inner and outer. The inner region covers
r = 8−17.25 mm, the outer one extended from r = 17.25 mm to r=42 mm. They are designed
with an angular tilt of +10◦ and −20◦ for the inner and outer region respectively, in order to
improve pattern recognition. Tilt is reversed for adjacent sensors, with the purpose to help dis-
tinguish between true and ghost hits.
Each module is encased in a shielded box, to protect sensors from radio-frequency electric field.
VELO performances have been determined in test beams. The hit resolution of sensors is cor-
related to pitch and track angle: for the optimal track angle of 7−11◦ it varies from 4 µm in the
40 µm pitch region to 20 µm at 100 µm pitch [44].
Figure 2.9: Representation of the rφ geometry of the VELO sensors.
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Silicon Tracker
The silicon tracker consists of two detectors, Tracker Turicensis (TT) and Inner Tracker (IT), lo-
cated upstream and downstream the magnet, respectively.
They are both formed by silicon microstrip sensors, with a strip pitch of ' 200 µm. The TT pur-
pose is to reconstruct low-momentum tracks that are swept out of the detector acceptance by
the magnet, while the IT is designed to reconstruct tracks that had passed through the mag-
netic field region lying near the beam axis. The TT covers the full acceptance of the experiment
(' 300 mrad), while the IT covers an acceptance of ∼ 150−200 mrad in the bending plane and
an acceptance of∼ 40−60 mrad in the y z plane. Tracker station consists in one tracking station,
while the IT consists of three stations. Each silicon tracker station is composed by four layers,
according to a (x,u, v, x) configuration, with vertical strips in the first and the last layer and
strips rotated by a stereo angle of −5◦ and +5◦ in the second and the third layer, respectively.
The layout of both IT and TT is shown in Figure 2.10. Every TT layer consists of two half-
modules, each one consisting of seven silicon sensors organized in two or three readout sectors
connected to a readout hybrid. The inner tracker layer consists of four rectangular units located
around the beampipe. Each unit is formed by seven modules, each one connected to a readout
hybrid. The units above and below the beampipe contain only one silicon sensor, while the
right and left units contain two of them. Single-hit resolution for both TT and IT stations is of
' 50 µm.
Outer Tracker
The Outer Tracker (OT) uses straw tubes to reconstruct tracks with a spatial resolution of '200
µm. Its purpose is to measure track bending in the acceptance region that is not covered by
the IT detector.Straw tubes are filled with a 70:30 mixture of Ar and CO2 , that ensures a drift
time across the tube up to 50 ns. The OT layout is similar to the IT one, as shown in Figure 2.11.
It consists of three tracking stations positioned along the beam axis, each one composed by
four layers according to the (x,u,v,x) configuration. A single layer is subdivided in modules,
consisting of 64 straw tubes.
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(a) Layout of the third TT detection layer.
(b) Layout of an x detection layer in the second IT station.
Figure 2.10: Layout of one TT-layer and one IT-layer.
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(a) OT layout.
(b) OT module.
Figure 2.11: Schematic view of the outer tracker detector along the beam axis and representatione of one OT
module.
2.2.2 Particle identification system
Particle identification plays an important role in most heavy flavor decays studied at LHCb.
The large multiplicity of charged and neutral particles produced during collisions makes of cru-
cial importance the presence of an extensive particle–identification system. In particular, effi-
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ciency in reducing background often relies on the particle–identification system performance
in separating kaons from pions, a task that can be accomplished at LHCb by the RICH (Ring
Cherenkov) detectors. Further, calorimeter detectors allow the identification of electrons, pho-
tons and hadrons, while the muon chambers are designed to identify muons.
RICH detectors
Two Ring Cherenkov detectors, RICH1 and RICH2, allow the identification of charged particles
over a momentum range [1-100] GeV/c. In particular, RICH1 aims to identify low-momentum
particles ([1-60] GeV/c), while RICH2 is tuned for particles with higher momenta ([15-100]
GeV/c). Covering different momentum ranges is made possible by filling the two detectors with
different radiators: RICH1 uses separate aerogel and C4F10 radiators, while RICH2 is filled with
CF4 radiators. In Figure 2.12 is shown the relation between the Cherenkov angle and particle
momentum for different particles and radiators.
Figure 2.12: Cherenkov angle versus particle momentum for the RICH radiators.
RICHs geometry is shown in Figure 2.13. Each detector is composed of two kinds of mirrors:
a spherical mirror for ring-imaging and a set of flat mirrors that guide photons onto the Hybrid
Photon Detectors, located outside the detector acceptance. RICHs are magnetically shielded in
order to guarantee a proper activity of the hybrid photon detectors. These are used to detect
Cherenkov photons with λ ∈ [200−600] mm.
30 The LHCb experiment at LHC
RICH1 is located upstream the magnet and covers the full detector acceptance, while RICH2 is
downstream the magnet (after the last tracking station) and covers angular acceptance from 15
to 120 (100) mrad in the bending (non–bending) plane. The pi−K separation is 90% efficient for
momenta up to 30 GeV/c.
Figure 2.13: Representation of RICH1 (left) and RICH2 (right) geometries.
Calorimeter detectors
Calorimeter detectors provide fast information for the low–level trigger and offer identification
of electrons, photons, and hadrons, together with a raw measurement of their energies and po-
sitions.
Calorimetric system is formed by an electromagnetic calorimeter (ECAL) and a hadron calorime-
ter (HCAL).Both are placed between the first and the second muon station and cover the an-
gular acceptance from 25-300 (250) mrad in the bending (non–bending) plane. The ECAL is
equipped with two additional sub-detectors, a pre-shower detector (PS) and a scintillator pad
detector (SPD), placed in front of it and separated by a thin lead converter. They are used by
the low–level electron trigger to reject charged and neutral pions, in order to improve electron
identification [45]. Charged pions are rejected by looking at the longitudinal development of
the electromagnetic shower in the PS. The lead converter is 15 mm thick and corresponds to
∼2.5 radiation lengths for electrons, which start showering and produce significantly larger sig-
nals than charged pions. Neutral pions are rejected by looking at the signal from the SPD. The
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last one is also used to measure the number of tracks per event, in order to veto online too
crowded events.
Calorimeter detectors are subdivided in four quadrants that surround the beampipe. Each
quadrant has a lateral segmentation in cells of different sizes, depending on the distance from
the beam axis. The lateral segmentation is finer in the ECAL, PS and SPD than in the HCAL,a s
shown in Figure 2.14.
(a) PS,SPD, ECAL. (b) HCAL.
Figure 2.14: Segmentation of a calorimeter detector quadrant. Black area represents the beampipe zone.
ECAL thickness corresponds to 25 radiation lengths, to guarantee a nearly complete elec-
tromagnetic shower containment and a good energy resolution. The thickness of HCAL corre-
sponds to 5.6 interaction lengths. The readout is common to all detectors: scintillation light is
transmitted to photo–multipliers using wavelength–shifting fibers.
The electromagnetic calorimeter consists of alternate 4 mm thick scintillators tiles and 2 mm
thick lead plates. The hadron calorimeter is structured in 4 mm thick scintillator tiles sand-
wiched between 16 mm iron sheets. Energy resolutions for ECAL and HCAL are the following:
σE
E
(EC AL)= 10%p
E
(2.5)
σE
E
(HC AL)= 70%p
E
(2.6)
with E expressed in GeV.
Muon chambers
Muon detectors provide identification and transverse momentum measurement of penetrat-
ing muons for both low–level and high–level triggers, as well as for offline reconstruction. They
consist of five rectangular stations, referred to as M1–M5, placed along the beam axis and cover-
ing the angular acceptance from 20 (16) to 306 (258) mrad in the bending (non–bending) plane.
M1 station, which is installed between RICH2 and the calorimeter detectors, improves trans-
verse momentum measurements for muons that are detected also in the next stations. M2–M5
stations are placed downstream of the calorimeter detectors. They are interleaved with 80 cm
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thick iron absorbers that select penetrating muons and result in a total thickness of ∼20 inter-
action lengths. In order to traverse the whole detector, a muon is typically required to have at
minimum momentum of 6 GeV/c.
The stations are subdivided in four quadrants, arranged around the beampipe. Each quadrant
comprises four regions, labelled with R1–R4, installed at increasing radii from the beampipe. A
side view of the muon detectors and a station layout are shown in Figure 2.15.
Muon detectors rely on two technologies to detect muons: triple gas electron multiplier and
multi–wire proportional chamber detectors. The former are used in the innermost region (R1)
of the first station (M1), where high particle density requires a radiation tolerant detector; the
latterare used in the rest of detectors. The gas mixture consists of Ar, CO2 , and CF4 for both de-
tectors, although in different proportions. The first three stations (M1–M3) contribute to trans-
verse momentum measurements, while the last two stations (M4–M5) detect particles that pass
through the absorber material. An average transverse momentum resolution of 20% is achieved
in stand–alone muon reconstruction, which is used in the trigger.
Figure 2.15: (a) Side view of the LHCb Muon Detector. (b) Station layout with the four regions R1-R4.
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2.2.3 The LHCb trigger
LHCb trigger is projected to efficiently select heavy-flavor decays from the large light-quark
background, sustaining the LHC bunch-crossing rate of 40 MHz and selecting up to 5 KHz of
data to be stored. Events that contain a b-hadron decay, with all possible final states, repre-
sent a small fraction, approximately 15 KHz. The subset of interesting b hadron decays is even
smaller, corresponding to only few Hertz. The corresponding values for c hadrons are nearly
20 times larger. Therefore, it is a crucial point for the trigger to reject background as early as
possible in the data flow.
The trigger is organized in two levels, that represent two consecutive stages in event processing:
the Level–0 trigger (L0) and the High–Level trigger (HLT). This two–level structure allows cop-
ing with timing and selection requirements, with a fast and partial reconstruction at low level,
followed by a more accurate and complex reconstruction at high level. The hardware-based
L0 trigger operates synchronously with the bunch crossing. It uses information from calorime-
ter and muon detectors to reduce the 40 MHz bunch–crossing rate to below 1.1 MHz, which
is the maximum value at which the detector can be read out by design. In the next step, the
asynchronous software–based HLT performs a finer selection based on information from all
detectors and reduces rate to 5 kHz, that is the maximum frequency at which events can be
stored. In Figure 2.16 is shown the LHCb trigger flow, and typical rates for the accepted events
at each stage.
Level-0 trigger
The L0 trigger consists of three independent trigger decisions: the L0 pileup, the L0 muon, and
the L0 calorimeter. Each decision is combined with the others through a logic or in the L0 de-
cision unit, reducing the 40 MHz bunch–crossing rate to below 1.1 MHz. The L0 decision unit
provides the global L0 trigger decision, which is transferred to the readout supervisor board
and, subsequently, to the front–end boards. This is necessary since the full detector information
for a given bunch crossing is not read out from the front–end boards until the L0 decision unit
has accepted it. Data from all detectors are stored in memory buffers consisting in an analog
pipeline that is read out with a fixed latency of 4 µs, time within which a trigger decision must
be available. To accomplish this task, the L0 trigger is entirely based on custom–built electronic
boards, relying on parallelism and pipelining to make a decision within the fixed latency. At this
stage, trigger requests can only involve simple and immediately available quantities, like those
provided by calorimeter and muon detectors. The readout supervisor board also generates a
limited rate of random (No-Bias) triggers, based only on the bunch–crossing information.
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Figure 2.16: LHCb trigger flow and typical accepted-event rates for each stage.
The L0 pileup trigger contributes to luminosity measurements and is not involved in the selec-
tion of interesting events. It uses the information from the veto stations of the VELO to estimate
the event pile–up, which is the number of primary vertexes generated by a single bunch cross-
ing, and the backward charged particle multiplicity.
The L0 muon trigger uses the information from the five muon stations in order to identify the
most energetic muons. Once the two highest–transverse–momentum muon candidates per
quadrant are identified, the trigger decision is set depending on two thresholds: one on the
highest transverse momentum (L0 muon) and one on the product of the two highest transverse
momenta (L0 dimuon). respectively).
The L0 calorimeter trigger uses the information from ECAL, HCAL, PS, and SPD. It calculates
the transverse energy deposited in a cluster of 2x2 cells of the same size, for both the electro-
magnetic and hadron calorimeters. The transverse energy is defined as:
ET =
4∑
i=0
Ei si nθi (2.7)
where Ei i s the energy deposited in the i -cell and θi is the angle between the beam axis and the
direction of the particle, assumed originated from the center of the interaction region and hit-
ting the center of i -cell. This quantity is combined with information on the number of hits on
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PS and SPD in order to define three types of trigger candidates: photon,electron, and hadron.
The photon candidate (L0-photon) is associated with the highest transverse-energy cluster in
ECAL, provided that hits are present on the PS and absent on the SPD, as expected for neutral
particles. The definition of photon candidate differs if the cluster is identified in the inner re-
gion of the ECAL. In this case, a cluster accompanied by a suitable number of hits on the PS is
sufficient.
Electron candidates (L0 electron) are defined similarly to photon candidates, the only differ-
ence is the additional requirement of hits on the SPD.
The hadron candidate (L0 hadron) is associated with the highest transverse–energy cluster in
HCAL. If the highest transverse-energy cluster in the electromagnetic calorimeter is geometri-
cally matched to it, the two transverse energies are summed to yield the total transverse energy
of the hadron candidate. The transverse energy of each candidate is compared to a prede-
fined threshold and a positive trigger decision is set for events containing at least one trans-
verse–energy deposit exceeding the threshold.
The L0 hadron trigger aims at collecting samples enriched in hadronic c and b particle de-
cays. Final-state particles from such decays have on average higher transverse momenta than
particles originated from light–quark processes. This property helps in discriminating between
signal and background. Typical L0 thresholds and accepted-event rates in 2011 are shown in
table 3.1.
thresholds rate (KHz)
L0 global 870
L0 hadron Et >3.5 GeV/c 405
L0 electron Et >2.5 GeV/c 160
L0 electron high energy Et >4.2 GeV/c 27
L0 photon Et >2.5 GeV/c 80
L0 photon high energy Et >4.2 GeV/c 10
L0 muon pt >1.48 GeV/c 340
L0 dimuon
√
p1stt ·p2ndt 1.296 GeV/c 75
Table 2.2: L0 trigger accepted-event rates in 2011, at luminosityL = 3.5 ·1032cm−2s−1
These thresholds have not constant values: they depend on several conditions of the collider,
e.g. the pile-up or luminosity.
High Level Trigger
Event accepted at L0 are transferred to the event filter farm, which consists of an array of com-
puters, for the HLT stage. HLT is implemented through a C++ executable that runs on each
processor of the farm, reconstructing and selecting events in a way as similar as possible to the
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offline processing. The substantial difference between online and offline selection is the avail-
able time to completely reconstruct a single event. The offline reconstruction requires almost 2
seconds per event, while the maximum available time for the online reconstruction is typically
50 ms.
HLT trigger consists of several trigger selections designed to collect specific events (e.g., c or b
hadron decays). Every trigger selection is specified by reconstruction algorithms and selection
criteria that exploit the kinematic features of charged and neutral particles, the decay topology,
and the particle identities. If the accepted-event rate is too high, individual trigger selections
can be prescaled by randomly selecting only a subset of events satisfying their requirements.
The total HLT processing time is shared between two different levels: the first stage, labeled as
HLT1, and the second stage HLT2. The main differences between HLT1 and HLT2 are the com-
plexity of the information that they are able to process and the available time to do this. Partial
event reconstruction is done in the first stage in order to significantly reduce accepted-event
rate to 30 KHz, and a more complete event reconstruction follows in the second stage.
At the first level, tracks are reconstructed in the VELO and selected based on their probability to
come from heavy–flavor decays. This operation is based on determining their impact parame-
ter with respect to the closest primary vertex. At the second level a complete forward tracking
of all tracks reconstructed in the VELO is performed.
Several trigger selections, either inclusive or exclusive, are available at this stage.
2.2.4 Run II
The LHC Run II started in 2015, after the detector upgrade, and will stop in 2019. The major
change compared to Run I is the higher center-of-mass energy, which is increased from 8 TeV
to 13 TeV. Another important change is the reduced bunch-spacing, from 50 ns to 25 ns com-
pared to Run I, which allows to achieve the same instantaneous luminosity as Run I with a lower
pile-up.
Chapter 3
Dataset and selection
In this chapter the reconstruction and selection strategy are defined. In Section 3.1 the dataset
used in this analysis is described. The reconstructed decays and the trigger conditions are de-
fined in Section 3.2, while the centralized stripping selection are presented in Section 3.3. In
Section 3.4 we study the reconstruction of these decay channels. The selection applied to max-
imize the sensitivity of the measurement and remove the bias deriving from asymmetries in the
detector response is detailed Section 3.5. The treatment of multiple candidates in our sample
is presented in Section 3.6. Finally, possible background contributions are discussed in Section
3.7.
3.1 Dataset and signal reconstruction
The dataset used in this analysis consists of a sample of pp collisions recorded at a center-of-
mass energy of
p
s = 7 TeV (2011) and ps = 8 TeV (2012), recorded by the LHCb detector at the
Large Hadron Collider. They correspond to an integrated luminosity ofL = 1 fb−1 andL = 2
fb−1, respectively. During data taking the magnetic field polarity was periodically inverted, to
provide a handle for checking and correcting geometrical detector asymmetries. We denote the
samples corresponding to the two magnet polarities as “Magnet Up” and “Magnet Down” sam-
ples.
We reconstruct the D+(s) decay to η
(′)pi+ with η
′ → pi−pi+γ in the final state as a combination of
three charged tracks with pion mass hypothesis and a photon calorimeter cluster. The photon
reconstruction algorithm also accounts for γ→ e+e− conversions.
3.2 Trigger selection
As detailed in Section 2.2.3, the LHCb trigger is organized in two levels: the L0 trigger and the
High Level Trigger. The HLT is further logically split in two stages running in a single CPU pro-
cess: the Hlt1, based on a partial event reconstruction, and Hlt2, relying on a more complete
one. For every event available to offline processing, the information about the trigger chain re-
37
38 Dataset and selection
sponsible for accepting the event is stored and can be used to restrict the analysis to the events
undergoing a well-defined set of trigger lines. A trigger line is a sequence of algorithms return-
ing a decision to accept or reject an event according to a particular event topology.
At hadronic machines, the reconstruction of photons in the final state coming from the η-η′
meson decays presents several experimental difficulties leading to lower resolutions and larger
backgrounds. For this reason the study of D(s) → η(′)pi decay modes had not been foreseen
for LHCb RunI. As a consequence, no dedicated line has been designed for these decays. We
therefore decided to look for our signal in the sample provided by a trigger line conceived to
select D+ → h+h−h+ candidates (h± = K±,pi±). We expect that a reasonable fraction of our
signal should have passed the selection of this line because of the three-charged tracks in the
D(s) → η(′)pi (η(′) →pi+pi−γ) final state.
3.2.1 TIS and TOS Selections
Given a trigger line and a “signal” ,i.e., a track, or combination of tracks, which are of interest
in the offline analysis (e.g. the D meson candidate), we classified our events in to two different
categories. This classification is performed by comparing the information from the detector
used in reconstructing the offline candidate to that used in the decision of the trigger line. The
aforementioned categories are defined as follow:
• trigger on signal (TOS): events which are triggered on the signal decay independently of
the presence of the rest of the event. The event is classified as TOS if a candidate is clas-
sified as TOS for a given trigger line if the information coming from the set of detector
elements that was used in its reconstruction is sufficient to satisfy the selection criteria of
that line.
• trigger independent-of-signal (TIS): events which are triggered independently of the pres-
ence of the signal. In order for an event to be TIS, the set of detector elements that was
used in its reconstruction is disjoint with at least one of the combinations of elements
that led to a positive decision by that trigger line, that is, if the rest of the event excluding
the offline signal candidate was sufficient to satisfy the criteria of that line.
The usefulness of the TIS selection is in providing a sample with a trigger efficiency that, while
generally poorer than TOS, is nearly independent from the signal observables, and therefore
minimally biasing their distributions. This holds to the extent that correlations between be-
tween the signal-decay and the rest of the event, e.g., when the particles which have fired the
trigger come from the same vertex of the signal decay, can be neglected. In our specific case, it
is particularly important to avoid biases in the charge asymmetry of our decay.
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3.2.2 L0
We avoid applying any L0 requirement on the bachelor pion, since L0 could introduce sizable
detection asymmetries. Therefore, we split the dataset in two subsamples, based on the L0 lines
responsible for selecting the event:
• eta_TOS : the η daughter tracks are sufficient to satisfy the requirements of the L0 hadron
trigger selection: eta_L0Hadron_TOS. This ensures that there is no trigger bias on the
remaining pion, that determines the charge of the charm particle.
• D_TIS: the part of the event obtained by excluding the daughters of the reconstructed D
candidate is sufficient to satisfy the requirements of the L0 hadron, photon and photon
(high energy) lines, and the event doesn’t belong to the eta_TOS subsample:
(D_L0Hadron_TIS || D_L0Photon_TIS || D_L0PhotonHi_TIS) ∧ !eta_L0Hadron_TOS.
For the eta_TOS sample, the decision to accept the event is associated to a neutral intermediate
state of the reconstructed signal decay chain, which is common to both positively and nega-
tively charged candidates. Therefore, the CP-asymmetry measurement in this sample can be
assumed to be trigger-unbiased. As discussed before, the D_TIS sample may potentially exhibit
some correlation between the signal candidate and the part of the event responsible for the trig-
ger decision. We therefore excluded from D_TIS all L0 lines associated to subdetectors which
exhibit large detection asymmetries and which are more likely to introduce a trigger bias (e.g.,
L0 muon).
Typical L0 thresholds and accepted-event rates in 2011 are shown in table 3.1. These thresholds
are regularly adjusted to accommodate for the variation of instantaneous luminosity with time.
thresholds rate (KHz)
L0 global 870
L0 hadron Et >3.5 GeV/c 405
L0 electron Et >2.5 GeV/c 160
L0 electron high energy Et >4.2 GeV/c 27
L0 photon Et >2.5 GeV/c 80
L0 photon high energy Et >4.2 GeV/c 10
L0 muon pt >1.48 GeV/c 340
L0 dimuon
√
p1stt ·p2ndt 1.296 GeV/c 75
Table 3.1: L0 trigger accepted-event rates in 2011, at luminosityL = 3.5 ·1032cm−2s−1
The share of our signal sample over the L0 lines is shown in Table 3.2. Percentages are expressed
with respect to the total event number after the selection defined in Section 3.5.2. The fractions
are not exclusive, since an event could be triggered by more of one line, which is the reason why
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the sum of the efficiencies is higher than 100%.
Trigger line Fraction Ds (%) Fraction D (%)
L0Hadron 70 70
L0Photon 17 17
L0PhotonHi 3 3
L0Muon 19 20
Trigger line Fraction Ds (%) Fraction D (%)
L0Hadron 73 72
L0Photon 11 12
L0PhotonHi 3 2
L0Muon 21 22
Table 3.2: Efficiencies of the chosen L0 trigger line for the η′ (left) and η (right) channels, with no distinction
between TIS and TOS events. Fractions are expressed with respect to the total event number after the selection
defined in Section 3.5.2. 2011-2012 data samples for both polarities.
The majority of our events are triggered by the L0Hadron line.
3.2.3 Hlt1
The line used in the Hlt1-stage, Hlt1TrackAllL0, selects all events which have passed any of
the L0-lines. The require of the events to be TOS on any of the η(
′) daughters, i.e. an event is
triggered if any of the η(
′)-daughter tracks satisfies the selection summarized in Table 3.3, se-
lects tracks with high momenta and IP parameter. The TOS requirement instead of the D_TOS
one aims to avoid the bachelor-pion in the trigger decision.
Variable Cut
PT track > 1600 MeV/c
P track > 3000 GeV/c
I P > 0.100 mm
χ2I P > 16
χ2tr ack < 2
VELO track hits > 9
Missed VELO hits < 3
Table 3.3: Selection cuts for the Hlt1TrackAllL0Decision trigger line.
The fractions of these events relative to the total event number after the selection defined in
Section 3.5,before the application of the fiducial-cuts, is shown in Table 3.4.
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Trigger line ²Ds (%) ²D (%)
Hlt1TrackAllL0 98 98
Trigger line ²Ds (%) ²D (%)
Hlt1TrackAllL0 99 98
Table 3.4: Efficiencies of the chosen Hlt1 trigger line for the η′ (left) and η (right) channels, with no distinction
between TIS and TOS events. Fractions are expressed with respect to the total event number after the selection
defined in Section 3.5.2. 2011-2012 data samples for both polarities.
3.2.4 Hlt2
In this analysis we only use the D candidates which are TOS with respect the Hlt2CharmHadD2HHH
trigger line (defined as D_Hlt2_TOS from now on).
Since no PID (Particle Identification, see Section 3.5.2) cuts are applied in this line, assigning a
different mass hypothesis to any of the hadrons in the final state effectively enlarges the selected
mass range for any three hadrons combinations. D-candidates are composed from combina-
tions of three hadrons with varying mass hypothesis (kaon and pion) for the daughter particles
in the mass range [1800,2040] MeV/c2 . The different combinations are:
• D+→pi+pi−pi+;
• D+→K+pi−pi+;
• D+→pi+K−pi+;
• D+→pi+K−K+;
• D+→K+K+pi−;
• D+→K+K−K+;
The selection cuts of the Hlt2CharmHadD2HHH trigger line are shown in Table 3.5.
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Variable Cut
PT (track) > 300 MeV/c
P (track) > 3000 MeV/c
χ2I P (track) > 6
χ2I P (2 tracks) > 10
χ2tr ack /ndo f < 3
DOCA < 0.08 mm
χ2DOC A < 50∑
PT D daughters > 2800 MeV/c
χ2-distance (D) > 175
χ2v t x/ndo f (D) < 15
χ2I P (D) < 12
Ntr ack <180
Mass range ( MeV/c2) [1800,2040]
Table 3.5: Cut values for the Hlt2CharmHadD2HHH trigger line.
The variables are:
• P and PT : momentum and transverse momentum with respect to the z axis, defined
along the beam;
• χ2I P : chi-square value of the reconstructed Impact Parameter (IP);
• χ2I P (2 tracks): minimum χ
2
I P required to at least two daughters;
• χ2tr ack /ndo f : chi-square value of the reconstructed track, normalized to the degrees of
freedom;
• DOCA : closest distance of approach (DOCA) between particle pairs;
• χ2DOC A : chi-square value of the DOCA between particle pairs;
•
∑
PT : sum of the transverse momenta of daughter particles;
• χ2-distance (D): chi-square of the D-distance from the primary vertex;
• χ2ver tex/ndo f : chi-square value of the combination vertex fit, normalized to the degrees of
freedom;
• Ntr ack : maximum number of tracks per event;
• Mass range : range of the invariant mass for the three daughter-particles.
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The efficiency of this trigger line for signal candidates surviving the selection defined in Section
3.5.2, after the stripping selection, can be estimated as:
²= ND_Hl t2_T OS ∧ND_Hl t2_T I S
ND_Hl t2_T I S
(3.1)
whereND_Hl t2_T OS is the number of candidates which are TOS with respect to the
Hlt2CharmHadD2HHH line, while ND_Hl t2_T I S is the number of candidates which are TIS with
respect to the D_Hlt2Global line, i.e., it represents the number of events which are triggered
independent-of-signal by at least one Hlt2 line. This efficiency is based on the assumption that
the signal (D_Hlt2_TOS events) is independent of the rest of the event (D_Hlt2_TIS events). This
statement is motivated by the fact that the number of particles which form the signal is small
with respect to all the particles in the event. The results are 20% and 30% for the D and Ds sig-
nals, respectively. This efficiencies are calculated without including the L0−Hlt1 selections, but
only the selection explained in Section 3.5.2.
We observe that a sufficient number of D+(s) → η(
′)pi+ decays are selected by the
Hlt2CharmHadD2HHH line, which represents the D+→ h+h−h+ decay modes, as a side-effect: it
is responsible for roughly half of the events surviving the selection defined in Section 3.5.2. The
fractions of these events relative to the total event number after the selection defined in Section
3.5.2, is shown in Table 3.6.
Trigger line ²Ds (%) ²D (%)
Hlt2CharmHadD2HHH 61 50
Trigger line ²Ds (%) ²D (%)
Hlt2CharmHadD2HHH 61 53
Table 3.6: D+→ h+h−h+ Hlt2 trigger line with related efficiencies for the η′ (left) and η (right) channels. Fractions
are expressed with respect to the total event number after the selection defined in Section 3.5.2. 2011-2012 data
samples for both polarities.
We have examined a number of other trigger lines as potential sources of events of our interest.
The most promising among them are:
• Topo3BodyBBDT , which represents the inclusive decays of B-hadron in 3 body (5%);
• Topo4BodyBBDT , which selects the inclusive decay of B-hadron in 4 body (5%);
• CharmHadD02HH_D02KK, which selects the D0 →K+K− decay (5%);
• CharmHadD02HH_D02KPi, which selects the D0 →K±pi∓ decay (5%);
• CharmHadD02HHHH , which selects the D0 → h+h−h+h− decay (5%);
• CharmHadLambdaC2KPPi, which selects theΛc → pK−pi+ decay (5%).
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However, given the limited additional yield provided, and in order to keep the selection as sim-
ple as possible, we have decided not to use them in the present work. We rather plan to create
a dedicated line for future run, after demonstrating the viability of our decay of interest.
3.2.5 Trigger refinement based on offline-reconstruction quantities
The effect of the Hlt2 selection can be investigated by studying the invariant mass distribution
of the three pion combinations in D+(s) → η(
′)pi+ candidates selected by the D_Hlt2_TOS require-
ment with the invariant mass distribution of the three charged particles which have passed the
D_Hlt2_TIS requirement. As shown in Figure 3.1, only a small fraction of data fall inside the
nominal mass range [1800,2040] MeV/c2. The others events are triggered by the Hlt2 line under
different mass assignments to any of the pions in the decay.
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Figure 3.1: Three-pions mass distribution for the D+(s) → η′pi+, η′→pi+pi−γ (up) and D+(s) → η′pi+, η′→pi+pi−γ (bot-
tom) decay channels. 2011-2012 data from the two trigger-samples and for both polarities. Events are selected only
with the stripping and trigger requirements. D_Hlt2_TOS stands for D_Hlt2CharmHadD2HHH_TOS and D_Hlt2_TIS
stands for D_Hlt2Global_TIS. The two black lines represent the Hlt2 mass range ([1800,2040] MeV/c2).
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Eight categories based on the different particle-mass assignments can be defined:
pi+ pi+ K+ pi+ pi+ K+ K+ pi+ K+
pi− pi− pi− K− pi− K− pi− K− K−
pi+bach. pi
+ pi+ pi+ K+ pi+ K+ K+ K+
Category 1 2 3 4 5 6 7 8
Table 3.7: Particle-combination categories introduced by the Hlt2CharmHadD2HHH trigger line.
An event will pass the selection if it pass the invariant mass selection (1800<M < 2040) under
any of the particle mass assignment summarized in Table 3.7. Categories 2-4 and 5-7 are the
same from the point of view of particle-composition, but differ for the mass-hypothesis assign-
ment to the specific particles. For example, in category 2 the kaon mass hypothesis is assigned
to the opposite sign pion from the η(
′) decay, while in category 4 it is assigned to the bachelor
pion. The invariant mass distributions for each three-body combination are shown in appendix
5.6. Category are not mutually excluding, since an event can be triggered by more than one cat-
egory.
The D-mass distribution varies across categories especially for the background shape. In this
analysis we do not include all the categories, since some of them are mainly composed of
background-events. Since in this work CP-asymmetry measurements are performed only in
the D(s) → η′pi decay-modes, the choice over the various categories is carried out only for these
channels: we exclude categories 1 and 8 from the fit sample. In the η channel a deeper study is
necessary.
3.3 Stripping selection
Stripping is a centralized procedure aiming to extract from the whole data sample recorded
by LHCb several smaller samples, each containing only the events needed for a well-defined
physics analysis. This selection is operated off-line from the data taking, takes as input the
entire collection of trigger lines, and sorts the events in different streams. A stream is a group of
stripped lines identifying similar events, e.g. charm-hadron or B decays.
The stripping procedure takes significant amounts of time, and is performed with a periodicity
of months. Rather than designing and running a stripping line specifically designed for our
decays, we chose to use the following existing stripped samples:
• StrippingD2PiPi0_eegammaPiEtaPromptLine for D(s) → ηpi decay, with η→pi+pi−γ;
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• StrippingD2PiPi0_eegammaPiEtaPrimePromptLine for D(s) → η′pi decay, with η′ →
pi+pi−γ.
They were originally designed for the D+→pi+pi0 (pi0 → e+e−γ) analysis, but are also very much
efficient for our decay as well since they select three charged tracks in the final state, which
allows to reconstruct the decay vertex and the photon-momentum with good precision. The
selection cuts applied at stripping level are listed in Tables 3.8 and 3.9 (daughter-particles and
intermediate resonances) and 3.10 (D and Ds meson candidates). The variables used in the
selection are:
• P and PT : momentum and transverse momentum with respect to the z axis, defined
along the beam. D-hadron decay products are characterized by high P and PT ; several
cuts are applied on these variables in order to reduce combinatorial background.
• η : pseudorapidity, defined as η = −ln( t gθ2 ), where θ is the polar angle defined with re-
spect to the z axis.
• χ2tr ack /ndo f : chi-square value of the reconstructed track, normalized to the degrees of
freedom. Theχ2tr ack /ndo f < 5 cut allows to reduce ghost tracks and to improve resolution.
• χ2I P /ndo f : normalized chi-square value of the reconstructed Impact Parameter (IP), which
is the shortest distance between the vertex and the reconstructed track. The selection of
high values of this variable ensures that the track has not been produced in the primary
vertex, as the vast majority of the background.
• Ghost Probability (P (g host )): probability of having a ghost track, but is a spurious com-
bination of hits. This classifier combines information from different variables which de-
scribe track reconstruction and global event properties in order to separate misrecon-
structed tracks (ghost tracks), which are spurious combination of hits, from real tracks.
Some discriminating variables are the χ2tr ack and the corresponding degrees of freedom,
the number of observed hits assigned to the track in each of the VELO, TT, IT and OT
detectors.
• cτ: proper lifetime of the particle, calculated with the constraint to the beam spot, i.e., D
candidate momentum is constraint to point toward the primary vertex placed along the
pp collision axis.
•
∑
PT : sum of the transverse momenta of daughter particles;
• χ2ver tex/ndo f : chi-square value of the combination vertex fit, normalized to the degrees of
freedom;
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• χ2BC /ndo f : chi-square value of the Decay Tree Fitter (see Section 3.4) calculated with a
constraint to the beam spot (D particle momentum is constrained to point to the primary-
vertex), normalized to the degrees of freedom;
• M : invariant mass calculated before the combination vertex fit.
pi+ pi− γ η pi+
P >1000 MeV/c >1000 MeV/c >1000 MeV/c - >1000 MeV/c
PT >350 MeV/c >350 MeV/c >600 MeV/c - >350 MeV/c
χ2tr ack /ndo f <5 <5 <5 - <5
χ2I P /ndo f >25 >25 >25 - >25
η ∈ [2,5] ∈ [2,5] - - ∈ [2,5]
P (g host ) <0.5 <0.5 - - <0.5
M - - - ∈ [500,600] MeV/c2 -
Table 3.8: StrippingD2PiPi0_eegammaPiEtaPromptLine selection requirements for decay products.
pi+ pi− γ η′ pi+
P >1000 MeV/c >1000 MeV/c >1000 MeV/c - >1000 MeV/c
PT >350 MeV/c >350 MeV/c >1000 MeV/c - >350 MeV/c
χ2tr ack /ndo f <5 <5 <5 - <5
χ2I P /ndo f >25 >25 >25 - >25
η ∈ [2,5] ∈ [2,5] - - ∈ [2,5]
P (g host ) <0.5 <0.5 - - <0.5
M - - - ∈ [900,990] MeV/c2 -
Table 3.9: StrippingD2PiPi0_eegammaPiEtaPrimePromptLine selection requirements for decay products.
D(s)
M ∈ [1600,2500] MeV/c2∑
PT daughters >2000 MeV/c
χ2ver tex/ndo f <5
cτ >0.05 mm
χ2BC /ndo f <5
Table 3.10: StrippingD2PiPi0_eegammaPiEtaPrimePromptLine andStrippingD2PiPi0_eegammaPiEtaPromptLine
selection requirements for D(s).
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3.4 Decay Chain Fit
In order to reconstruct the entire decay chain of the D+(s) → η(
′)pi+ decay modes, we have decided
to use the Decay Tree Fitter [48] (DTF), a powerful tool which allows to improve the reconstruc-
tion by implementing relevant constraints.
The Decay Tree Fitter is a tool which consists by a least squares fit that extracts all the parame-
ters in a decay chain simultaneously. This fit was developed at BaBar for the K 0s →pi0pi0 analysis,
since the usual method to fit a decay tree, the “leaf-by-leaf”, was inadequate for that decay. In
the leaf-by-leaf fitting, the complete decay tree is reconstructed by propagating the informa-
tion upstream starting from the most downstream particles in the decay. The parameters of
the composite particles are determined at each decay vertex through a least squares fit to their
daughter particles, with a constraint to a common point. The disadvantage of this approach is
that constraints that are upstream of a decay vertex do not contribute to the knowledge of the
parameters of the vertex. In the case of K 0s → pi0pi0 this type of approach is not possible, since
there are no tracks to form a Ks vertex from downstream particles. The algorithm of the DTF
takes a complete decay chain and parameterizes it in terms of vertex positions, decay lengths
and momenta, and then it fits these parameters simultaneously, taking into account the rele-
vant constraints, such as the measured parameters of the final state tracks and photons, e.g.
4-momentum conservation at each vertex.
In this work, two constraints were implemented: one over the η(
′) particle-daughters in order
to form the mother-particle-mass, fixed at PDG value, and the other to the beam spot. Both
are used to reconstruct the D-candidate mass variable. A relevant variable is the χ2 of the DTF,
which describes the goodness of the DTF procedure. This variable was used in the selection
stage (Section 3.5), with the only constraint to the beam spot (χ2BC ). In Figure 3.2 the D-mass
distribution for the 2011, Magnet Up data sample is shown. It is clear the reason why it is useful
to implement the η(
′)-mass constraint on the η(
′) daughters: without any constraint it is difficult
to distinguish D and Ds signals from background, especially in the η channel.
There are different choices for the D-mass variable, depending on the possibility to implement
different constraints in the Decay Tree Fitter in order to improve the resolution on the signal:
1. both beam spot and η(
′)-mass constraints;
2. only the beam spot constraint;
3. only the η(
′)-mass constraint;
4. no constraints.
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Figure 3.2: (a): D-mass distribution of the D+(s) → η′pi+ decays calculated without the η′ mass constraint. (b): D-
mass distribution of the D+(s) → η′pi+ decays calculated with the η′ mass constraint. (c): D-mass distribution of the
D+(s) → ηpi+ decays calculated without the η mass constraint. (d): D-mass distribution of the D+(s) → ηpi+ decays
calculated with the η mass constraint. 2011 data-sample with Magnet Up polarity. Stripping output, inclusive of
all existing trigger lines.
Using different constraints implies different signal resolutions and S/B ratios, as shown in Fig-
ures 3.3-3.4 for the D+(s) → η′pi+ decay modes and in Figures 3.5-3.6 for the D+(s) → ηpi+ channels.
The Ds-D mass distributions of the 2011-2012 data-samples for both polarities are plotted to-
gether with the related pull-distributions . The last one is an estimate of the agreement of the
model with the data. For a given bin, a pull is defined as ∆/σ = Nd at a−N f i t
σ
, whereNd at a is the
number of events per bin,N f i t is the value per bin of the function used as a model, andσ is the
error onN f i t . The agreement gets better as more pull values are near to zero.
For these preliminary studies, included those exposed in Section 3.5.2, a binned-χ2 fit was per-
formed. The fit model consists of a JohnsonSU function for both D and Ds signals, and a Cheby-
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chev polynomial of 2nd order for the background distribution. The choice to use JohnsonSU
distribution as signal model is due to the fact that this function fits experimental data that are
approximately gaussian, except for a Landau-like tail on one side. Chebychev polynomial dis-
tribution was preferred to the regular polynomial distribution since it ensures a more stable
fit behavior. Probability density functions of these two distributions and the related parame-
ters are fully described in the Chapter dedicated to the CP-asymmetry measurements (Sections
4.1.1 and 4.1.2).
We show the values of resolution, yields, mean, shift of the last one from the PDG value (1968.49±0.32
MeV/c2 for the Ds and 1869.62±0.15 MeV/c2 for the D) and the χ2/ndo f of each fit for the η′ and
η channels in Tables 3.11 and 3.12, respectively. All data are selected with the cuts defined in
Section 3.5, without the trigger selection and the implementation of the fiducial cuts. It is pos-
sible to notice that the configurations with the only beam spot constraint or no constraints at
all are characterized by worst resolutions, of nearly a 2-factor, and major PDG-shifts compared
to the cases where the η(
′)-mass constraint is implemented. χ2/ndo f and pulls distributions
show a good-agreement between data and model fit in all the four configurations. The choice
to implement the η(
′)-mass constraint in the D-mass calculation leads to a better signal-to-
background ratio compared to the configurations 2 and 4: S/B is improved from 4(1) to 7(2.5)
for the Ds(D) in the η′ channel, and from 1(0.5) to 2(1) in the η channel.
The chosen configuration for this variable is the first, i.e. with both beam spot and η(
′)-mass
constraints implemented in the DTF. The choice to implement the beam spot constraint too,
even if the better reconstruction is imputable to the η(
′)-mass constraint, is due to the intent to
keep coherence with the choice done for the χ2BC , where only the beam spot constraint is im-
plemented. Being a CF-channel, the η′ channel is characterized by a better resolution and pre-
cision compared to the η channel, due to the higher statistics (yields are an order-of-magnitude
greater).
The reconstructed charm meson masses without η(
′) mass constraint exhibit statistically signif-
icant difference from PDG values, although small in absolute sense - but there is no accounting
here for the systematic uncertainty on the overall mass scale. The η(
′) mass constraint does a lot
to improve the agreement as one would expect, since it represents a way to partially fix the scale
of masses. Discrepancies of a few sigmas still remain, but it must be noted that our measure-
ments have relative statistical resolutions of order 10−5). Both the D and Ds masses are in very
good agreement between the independent η and η′ samples (with a precision of 10−4), provid-
ing a nice check of the fit procedure. The most stringent comparison with PDG can be obtained
from the mass difference, which is least sensitive to mass scale effects. The measured differ-
ence between D and Ds masses is 98.90±0.04 (η′ channel) and 98.40±0.28 (η channel), while
the corresponding PDG-value is mDs −mD =98.69±0.05 [49]. These differences are again com-
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Constraints σ (MeV/c2) Ds Yelds ( 104) µDs (MeV/c
2) PDG-mass shift(MeV/c2) χ2/ndo f
η′ mass + Beam Spot 8.89±0.06 60.5±0.2 1969.40±0.02 0.91±0.32 0.7
Beam Spot 17.6±0.5 62.0±1.7 1973.30±0.07 4.81±0.33 0.7
η′ mass 8.84±0.06 60.5±0.2 1969.40±0.02 0.91±0.32 0.6
none 18.6±0.7 64.6±2.0 1973.50±0.07 5.01±0.33 0.7
Constraints σ (MeV/c2) D Yelds ( 104) µD (MeV/c2) PDG-mass shift(MeV/c2) χ2/ndo f
η′ mass + Beam Spot 8.5±0.2 27.1±0.3 1870.50±0.04 0.88±0.15 0.6
Beam Spot 16.4±1.7 25.7±0.3 1874.0±0.2 4.38±0.25 0.3
η′ mass 8.4±0.1 27.0±0.3 1870.60±0.04 0.98±0.15 0.8
none 19.6±0.1 29.8±0.4 1874.2±0.3 4.58±0.33 0.3
Table 3.11: D-mass distribution parameters for each DTF-constraint in the η′ channel, both for Ds (top) and D
(bottom) signals. All data are selected with only the cuts defined in Section 3.5.2, with no trigger-selection. 2011-
2012 data samples for both polarities.
Constraints σ (MeV/c2) Ds Yelds ( 104) µDs (MeV/c
2) PDG-mass shift(MeV/c2) χ2/ndof
η mass + Beam Spot 13.0±0.9 5.4±0.2 1969.5±0.2 1.01±0.38 0.4
Beam Spot 18.5±2.8 5.4±0.6 1972.2±0.5 3.71±0.59 0.7
η mass 12.4±0.8 5.3±0.2 1969.4±0.2 0.91±0.38 0.5
none 17.9±2.8 5.2±0.7 1971.8±2.8 3.31±2.8 0.8
Constraints σ (MeV/c2) D Yelds ( 104) µD (MeV/c2) PDG-mass shift(MeV/c2) χ2/ndof
η mass + Beam Spot 11.3±1.1 3.7±0.2 1871.1±0.2 1.48±0.25 0.4
Beam Spot 22.8±0.2 4.4±2.0 1872.7±1.1 3.08±1.10 0.4
η mass 11.9±1.4 3.9±0.3 1871.1±0.2 1.48±0.25 0.5
none 20.0±0.1 4.1±0.2 1873.2±0.8 3.58±0.81 0.3
Table 3.12: D-mass distribution parameters for each DTF-constraint in the η channel, both for Ds (top) and D
(bottom) signals. All data are selected with only the cuts defined in Section 3.5.2, with no trigger-selection. 2011-
2012 data samples for both polarities.
patible between η and η′, and also compatible with the PDG value within 3σ. This represents
a very good agreement, considering the high precision of these measurements (the statistical
precision of the value from the η′ sample is indeed better than the current world average) and
the lack of accounting for any systematic effects in the comparison. Overall, these successful
comparisons lend credibility to the accuracy of our modeling of signal and background shapes.
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Figure 3.3: Ds mass distribution in the η′ channel with different constraints. From top to bottom and from left to
right the DTF configuration are: 1, 2, 3, 4. 2011-2012 data samples for both polarities. All data are selected with
only the cuts defined in Section 3.5.2.
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Figure 3.4: D mass distribution in the η′ channel with different constraints. From top to bottom and from left to
right the DTF configuration are: 1, 2, 3, 4. 2011-2012 data samples for both polarities. All data are selected with
only the cuts defined in Section 3.5.2.
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Figure 3.5: Ds mass distribution in the η channel with different constraints. From top to bottom and from left to
right the DTF configuration are: 1, 2, 3, 4. 2011-2012 data samples for both polarities. All data are selected with
only the cuts defined in Section 3.5.2.
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Figure 3.6: D mass distribution in the η channel with different constraints. From top to bottom and from left to
right the DTF configuration are: 1, 2, 3, 4. 2011-2012 data samples for both polarities. All data are selected with
only the cuts defined in Section 3.5.2.
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3.5 Selection
In this section the selection procedure of the D(s) → η(′)pi is described. In the first part we de-
scribe the fiducial cuts, which are applied only to the D(s) → η′pi decay modes. In the second
part we describe the selection aiming to optimize the sensitivity on C P-asymmetries, which is
applied to both D(s) → η′pi and D(s) → ηpi decay modes. At the end of the section results are
summarized.
3.5.1 Fiducial cuts
An important effect which must be taken into account in CP-asymmetry measurements at
LHCb is the detection asymmetry of the bachelor pion pibach . Although the LHCb spectrom-
eter is intended to be left-right symmetric, the magnetic field breaks the charge symmetry of
the detector response. In this Section, we discuss a set of fiducial cuts introduced to reduce two
charge asymmetries sources associated with the LHCb detector acceptance. The first effect is
particularly relevant for low momentum pions: under the action of the magnetic field a pion
can change direction by a value comparable with the detector angular acceptance (300 mrad).
This implies that a pion of specific charge is more likely to stay within the horizontal-detector
acceptance, while the other is not, giving rise to edge regions with asymmetry of 100%.
Another acceptance effect which can cause a large left-right asymmetry is due to the beampipe.
Pions with Px ≈ 500 MeV/c and Py ≈ 0 are swept through the beampipe instead of the T-stations
and get lost. This effect causes a large left-right asymmetry for particles with Py /Pz ∼ 0, i.e.
closer to the beampipe. Due to these acceptance effects the detection asymmetry of the bach-
elor pion becomes too large to allow a detector asymmetry cancellation at the 10−3 level. We
therefore adopt specific fiducial cuts for each asymmetry-region developed in the D0 →K+K−,pi+pi−
analysis [55]:
|Px | ≤α(Pz −P0) (3.2)
if |Py /Pz | < 0.02: |Px | < p1−β1Pz , |Px | > P2+β2Pz (3.3)
with P0=2400 MeV/c, α=0.317, P1=418 MeV/c, P2=497 MeV/c, β1=0.01397, β2=0.01605.
The first cut excludes the edge regions, while the second represents the beampipe veto. In Fig-
ure 3.7 the raw asymmetry for both magnet polarities is shown ,without any background sub-
traction, as a function of Px and Pz of the bachelor pion with fiducial cuts overlapped. In Fig-
ure 3.9 the raw-asymmetry for both magnet polarities is shown, with no background subtrac-
tion, as a function of Py and Px . In addition to the beam-pipe hole at (0,0), two other regions
of large asymmetries (corresponding to the particles swept through the beampipe zone), are
clearly visible. In both plots the flip of the 100% -asymmetry regions with the magnet-polarity
is observed. In Figure 3.8 and Figure 3.10 are shown the same plots after the applying of the
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fiducial cuts. As it is possible to notice, the large-asymmetry regions are almost completely
removed.
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Figure 3.7: Raw asymmetry, without background-subtraction, as a function of Px and Pz of the bachelor pion for
both Down (a) and Up (b) polarities. The |Px | ≤α(Pz −P0) boundary (black) and p1−β1Pz < |Px | < P2+β2Pz (red)
are overlapped. Events are selected with an OR condition between the two trigger-sample.
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Figure 3.8: Raw asymmetry, without background-subtraction, as a function of Px and Pz of the bachelor pion
for both Down (a) and Up (b) polarities, after fiducial cuts had been applied. Events of both D_TIS and eta_TOS
samples are selected.
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Figure 3.9: Raw asymmetry, without background-subtraction, as a function of Py and Px of the bachelor pion for
both Down (a) and Up (b) polarities. Events of both D_TIS and eta_TOS samples are selected.
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Figure 3.10: Raw asymmetry, without background-subtraction, as a function of Py and Px of the bachelor pion
for both Down (a) and Up (b) polarities, after fiducial cuts had been applied. Events of both D_TIS and eta_TOS
samples are selected.
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3.5.2 Optimization of∆NS
We designed the final selection of our sample with the purpose of obtaining the best possible
resolution for our CP asymmetries. The selection, performed separately for η-η′ channels and
for each trigger sample and Hlt2-category, was based on the optimization of ∆NS = σNS for the
D signal, which is suppressed with respect to the Ds by applying rectangular cuts. The choice
of the figure of merit is aiming at maximize the sensitivity on AC P , since assuming AC P ∼ 0, i.e.,
the numbers of positively (N+) and negatively (N−) charged events are approximately equal, a
rough estimate of the CP-asymmetry sensitivity is:
σ (AC P )=
√(
∂AC P
∂N+
)2
σ2N+ +
(
∂AC P
∂N−
)2
σ2N− (3.4)
=
√
4N 2−
N 4s
σ2N+ +
4N 2+
N 4s
σ2N− (3.5)
=
√√√√σ2Ns
N 2s
= σNs
Ns
(3.6)
where Ns is the total event number.
The variables chosen for the selection are:
• η(
′)-mass;
• Log10 Prob(χ2BC , ndo f );
• pi PIDK , which is the separation variable between kaon and pion;
• γConfidence Level (CL), which is the separation variable between electrons and photons.
As a first step we have done a simultaneous optimization on the Log10 Prob(χ2BC , ndo f ) and
η(
′)-mass, since these are the most significant variables. Once fixed these cuts, we have done
a simultaneous optimization on the γ CL and PIDK, where the PIDK variables were varied to-
gether. Since the variations on the figure of merit were of 10−3-10−4 order among different cuts
in different categories, we have chosen to apply the same cuts to all categories.
η(
′) mass
The η and η′ masses are selected by the stripping-procedure, therefore their distributions are
sharply cut, as shown in Figure 3.11. The η-mass range is symmetric under the peak, while the
η′ one has a distribution strongly asymmetric toward the left-part. The cut at the stripping level,
Mη′ ∈ [900,990] MeV/c2, probably does not represent the best choice, since it cuts off a part of
the neutral meson signal.
Selection cut on this variable was chosen to be symmetric around the peak: Mη′ ∈ [934,982]
MeV/c2 and Mη ∈ [533,563] MeV/c2.
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(a) M(η′) distribution.
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(b) M(η) distribution.
Figure 3.11: η′ (left) and η (right) mass distributions. 2011-2012 samples for both magnet polarities.
χ2BC
The χ2BC variable is the chi-square of the Decay Tree Fitter fit with the beam spot constraint, i.e.,
a constraint on the D particle momentum which forced it to point to the primary-vertex. This
variable is one of the most relevant in the selection-process, together with the η(
′)-mass. The
χ2BC of the DTF with η
(′)-mass constraint is not used during selection, in order to allow the study
of the η(
′) sidebands. When acting on χ2BC the effect of the η
(′)-mass constraint is to remove the
sidebands and to sculpt the distribution, forcing a peak, because with this constraint only the
η(
′) candidates whose invariant mass is close to the η(
′) PDG mass [49] tend to have a better χ2BC .
The distribution of the χ2BC variable is shown in Figure 3.12.
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Figure 3.12: Distribution of the Decay Tree Fitter chi-square with the beam spot constraint implemented for both
η′ (left) and η (right) channels. Stripping selection cut: χ2BC /ndo f < 5. 2011-2012 data samples for both polarities.
The cut-off at 25 is due to the χ2BC /ndo f < 5 cut at the stripping level. In this analysis we use
the logarithmic function of Prob(χ2BC ,ndo f ) variable , i.e., the probability, given ndo f degrees
of freedom, that an observed chi-square exceeds the value χ2BC . In Figure 3.13 the η
(′)-mass
distribution is shown after the Log10(Prob(χ2DT F ,ndo f )) > −1.5 cut, where χ2DT F = χ2BC when
3.5 Selection 61
the DTF chi-square is calculated with the beam spot constraint, while χ2DT F = χ2η(′) when the
DTF chi-square is calculated with the constraint to the neutral meson mass. In both Figure 3.12
and Figure 3.13 the event corresponding to the 2011-2012 data-samples for both polarities are
displayed. The selection cut represents an upper bound: Log10Prob(χ2BC ,ndo f )>−1.5 for both
D+(s) → ηpi+ and D+(s) → η′pi+ decay modes.
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Figure 3.13: (a): η′ mass distribution with Log10Prob(χ2η′ ,ndo f )> −1.5 cut. (b): η′ mass distribution with
Log10Prob(χ2BC ,ndo f )> −1.5 cut. (c): η mass distribution with Log10Prob(χ2η,ndo f )> −1.5 cut. (d): η mass dis-
tribution with Log10Prob(χ2BC ,ndo f )> −1.5 cut. Stripping selection cuts: Mη ∈ [500,600] MeV/c2, Mη′ ∈ [900,990]
MeV/c2. 2011-2012 data samples for both polarities.
PIDK
The PIDK variable is a specific classification of the more global variable called PID (Particle
IDentification). These set of variables are used to identify specific types of particles by as-
signing a probability to each mass-hypothesis (kaon, pion, proton, muon, electron). Given a
track, this probability is associated to it by combining the information deriving from several
sub-detectors. Identification of kaons and pions through RICH detectors is done by comparing
the reconstructed-Cherenkov rings with those which could be obtained by assigning a specific
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mass-hypothesis to the track with measured momentum. Different hypothesis are evaluated
as the probability that the reconstructed track is associated with a specific particle given the
information available. The variable PIDK is the Delta-Log-Likelihood (DDL) between the kaon
and pion hypothesis:
DDLKpi =∆lnLK pi = lnLK
Lpi
(3.7)
The more the DDL has a negative value, the more the pion-hypothesis will be the most prob-
able. Therefore, the selection cut applied to this variable represents an upper bound. In this
analysis the cut is applied at the η(
′)-particle daughters only, since selection cuts on the bache-
lor pion could introduce some bias on the CP-asymmetry measurements. In Figure 3.14 PIDK
distributions for each pion coming from the neutral meson decay and for both D+(s) → ηpi+ and
D+(s) → η′pi+ decay modes are shown.
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(a) pi+ PIDK distribution, η′ channel.
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(b) pi+ PIDK distribution, η channel.
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(c) pi− PIDK distribution, η′ channel.
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(d) pi− PIDK distribution, η channel.
Figure 3.14: pi+ and pi− PIDK distributions. 2011-2012 data samples for both magnet polarities.
The chosen selection cut on the PIDK variable is PIDK<−5. Since the result of the optimization
was PIDK< 0 but the variations of the relative error ∆NS were of order 10−3−10−4 in the range
PIDK∈ [2,−5], the cut on the pions PIDK was chosen to be tight. This allows to suppress the
D+ → h+h−h+ decays (h± = K±,pi±), which are CF modes and can introduce relevant bias in
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the CP-asymmetries measured in this analysis. The effect related to this cut is shown in Fig-
ure 3.15: the peak becomes more suppressed as the cut gets tighter.
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Figure 3.15: Three-pion mass distribution in the η channel under the category number 3 of mass hypothesis
(pi+K−pi+, see Table 3.7), with no-PIDK cut (a), and PIDK< 2 (b),0 (c),-5 (d). 2011-2012 data-samples, for both
polarities.
γC L
The γ CL gives information about the discrimination between photons and electrons. It is a
function of ∆lnLγe− , i.e. the DDL for the photon-hypothesis versus the electron-hypothesis.
The sub-detectors which provide the necessary information in order to build the photon likeli-
hoods are ECAL calorimeter, SPD and PS. In Figure 3.16 γ CL distribution for both D+(s) → ηpi+
and D+(s) → η′pi+ decay modes is shown. Since γ CL is not a pure DDL function, it has not the
same distribution of PIDK. The more its value is close to 1, the more the photon-hypothesis
prevail on the electron-one.
The results from the optimization of ∆NS are: γC L > 0.05 and γC L > 0.1 for the η′ and η chan-
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nel, respectively.
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(a) γ CL distribution, η′ channel.
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(b) γ CL distribution, η channel.
Figure 3.16: γ CL distributions. 2011-2012 data samples for both magnet polarities.
The effect on each selection cut, i.e., trigger, variables and fiducial cuts, are shown in Tables
3.13-3.14 and 3.15-3.16 for the η′ and η channels, respectively.
In the η′ channel the Hlt2 selection cut includes the requirement over the six different cate-
gories. In Figures 3.17 and 3.18 (D_TIS sample), 3.19 and 3.20 the D-mass distributions in the η′
channel, for the 2011-2012 data samples for both polarities, before and after the selection, are
shown. The results for the η channel before and after selection are shown in Figures 3.21-3.24.
The S/B ratio was significantly improved from 0.4(1.5) to 3(14) for the D(Ds) in the η′ channel
and from 0.08(0.3) to 1(4) for the D(Ds) in the η channel.
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Figure 3.17: D-mass distribution before the selection, η′ channel, D_TIS sample. 2011-2012 data for both polari-
ties.
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Figure 3.18: D-mass distribution after the selection, η′ channel, D_TIS sample. 2011-2012 data for both polarities.
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Figure 3.19: D-mass distribution before the selection, η′ channel, eta_TOS sample. 2011-2012 data for both polar-
ities.
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Figure 3.20: D-mass distribution after the selection, η′ channel, eta_TOS sample. 2011-2012 data for both polari-
ties.
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Figure 3.21: D-mass distribution before the selection, η channel, D_TIS sample. 2011-2012 data for both polarities.
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Figure 3.22: D-mass distribution after the selection, η channel,D_TIS sample. 2011-2012 data for both polarities.
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Figure 3.23: D-mass distribution before the selection, η channel, eta_TOS sample. 2011-2012 data for both polar-
ities.
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Figure 3.24: D-mass distribution after the selection, η channel, eta_TOS sample. 2011-2012 data for both polari-
ties.
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3.6 Multiple candidates
An event in LHC is unique and is defined as one bunch crossing. However, multiple candidates
can be found in the reconstruction stage, when two (or more) signal decays are reconstructed
per event, or when a track has been cloned and two identical mother-particles have been re-
constructed. As shown in Table 3.17, the number of multiple candidates remaining after the
selection explained in Section 3.5 is 0.7% and 0.5% for the D_TIS and eta_TOS sample respec-
tively, in the D-signal peak region (1800-1950 MeV/c2), while these fractions are 0.5% and 0.3%
in the Ds signal region (1950-2000 MeV/c2).
Sample Signal Total events events with 1 m.c. events with 2 m.c.
D_TIS D 59020 58600 419
D_TIS Ds 103377 102896 479
eta_TOS D 61098 60788 308
eta_TOS Ds 114168 113839 328
Table 3.17: Multiple candidates in the D and Ds mass range, after the applying of the selection cuts explained in
Section 3.5.
If the fraction of multiple candidates is significantly different for the positively and negatively
charged events, a bias can be introduced in the CP-asymmetry measurement. However, we ex-
pect this bias to be negligible with respect to the other systematic, since the fraction of multiple
candidate is smaller than other contaminations evaluated in Section 5, e.g., the K-contamination
of ∼ 3%, which introduces a bias of order 0.2 ·10−2.
3.7 Background contributions
Several background contributions to the D(s) → η′pi+ channels have been considered to identify
possible sources of peaking background:
1. D+(s) → h+h−h+, with h+ =pi+/K+;
2. D+(s) → η′ρ+ , with ρ+→pi+pi0, where the pi0 is not reconstructed;
3. D+s → η′K+;
4. secondary charm from B-decays;
5. D+(s) →φpi+, with φ→pi+pi−pi0,
6. D+s → η′l+νl ;
72 Dataset and selection
If background contributions are peaking under the signal they could introduce a bias in the CP-
asymmetry measurement, since background events may have a different asymmetry than the
signal.
The D+→ h+h−h+ contribution is clearly visible in some of the h+h−h+ invariant-mass com-
binations, as in Figure 5, where a peak due to the Cabibbo favored D+ → K−pi+pi+ decays is
evident. Because of the combination with a random photon from the rest of the event, this
class of background contributions is however not peaking under the D and Ds signals in the fit.
A tight cut on the PIDK of the η′ daughters was introduced in the selection stage to suppress
this background.
The D+(s) → η′ρ+ background-contribution is due to the association of a pion (coming from
the ρ→ pi+pi0 decay) to the η′ meson, with a non-reconstructed neutral pion in the final state.
We do not expect this decay to be peaking under the signals, since the η′pi+pi0 final-state has a
kinematic limit of M(η
′
pi+) = MD(s) −mpi0 [49] which is evaluated to be ∼ 1835 MeV/c2 for the
Ds signal and ∼ 1735 MeV/c2 for the D signal. This means that the background due to this de-
cay is outside the mass-ranges of the signals (1850-1900 MeV/c2 for the D meson, 1950-2000
MeV/c2 for the Ds meson). In order to verify this hypothesis, 100 events with the D+(s) → η′ρ+ ,
ρ+→pi+pi0 decay topologies are generated for each entry of the 2011 data-sample in the D−Ds
mass ranges. The background contribution is outside the mass range we use for the fitting pro-
cedure (1810-2030 MeV/c2) in both D and Ds signal cases. In Figure 3.25 the D+(s) → η′pi+ρ mass
distributions resulting from the events generated as the D+(s) → η′ρ+, where pi+ρ is the pion com-
ing from the ρ+ decay, are shown. The end points of these distributions are ∼ 1800 MeV/c2 and
∼ 1700 MeV/c2 for the Ds and D generated events, respectively.
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Figure 3.25: M(η′pi+ρ ) distribution for both D(a) and Ds (b). Sample of generated events with the same momentum
distribution of the D/Ds events of the 2011 sample with Magnet-Up polarity.
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Regarding the D+s → η′K+ contamination, the wrong misidentification can shift the related
events toward lower-mass values, under the D-signal peak. The related systematic-error is
given in Section 5.3 by giving a rough estimate of the D+s → η
′
K+ decays under the D-signal
peak.
Secondary charm hadrons are characterized by the same CP-asymmetry we want to measure,
but the production asymmetry of B-decays (different than the one for D −Ds decays) must be
taken into account when calculating AC P . The fraction of charm from B-decays introduces a
shift in the raw asymmetry, which is proportional to both D/Ds and B production asymme-
tries. Most of this background contribution is removed by the selection cut on the χ2BC /ndo f
at the stripping level (see Table 3.10). The systematic uncertainty on AC P due to the residual
fraction of secondary charm hadrons is estimated in Section 5.4.
Other possible background contributions derive from the misidentification of the photon with
a pion, called “merged” pion since the two photon-daughters are merged into a single ECAL
cluster. The D+s → φpi+ (φ→ pi+pi−pi0) background contribution with a merged pi0 in the final
state could represent a possible peaking background under the D −Ds mass distribution. This
background contribution becomes relevant at high-pion momenta, since the angle between the
two emitted photons becomes small and therefore the ECAL cannot separate the clusters, lead-
ing to the misidentification of the photons with an high-momentum one increases. Merged
pi0 mainly occurs when the pion has a transverse energy ET > 2500 MeV. An estimate of this
background contribution is given in Section 5.3.
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Chapter 4
CP-asymmetries measurement
In this chapter the methodology used to extract the CP-asymmetries (see Section 1.2.4) from
the selected samples is described. In Section 4.1 the fit model is defined. Sections 4.2 reports
the results of the fit for different year, polarity, trigger conditions. In Section 4.3, fit results are
presented in bins of PT , η and φ of the bachelor pion. Finally, in Section 4.4 the CP-asymmetry
results are summarized and discussed.
4.1 Fit model
We perform an unbinned maximum likelihood fit to the D-mass distribution of the samples
summarized in Table 3.13 and 3.14, where the mass of the D candidate, MD , is calculated with
η′ mass and beam spot constraints (see Section 3.4). The model consists of three components:
the D and Ds signal components and a combinatorial background component. For each event
i , the likelihood functionL is defined as follows:
Li = nDsP iDs +nDP iD +nbkgP ibkg (4.1)
where PDs , PD and Pbkg are the probability density functions (PDF) for the Ds and D signals
and combinatorial background , evaluated for the i th event. nDs , nD and nbkg are the numbers
of Ds , D and background events.
The extended likelihood function is defined as:
L = 1
N !
exp
(
−∑
j
n j
)
N∏
i
Li (4.2)
where N is the observed number of events, and n j is the yield associated with the j -th compo-
nent. In the fit, the function − lnL is minimized with respect to the set of free parameters.
4.1.1 Signal PDF
The signal model is a JohnsonSU function [50] for both D and Ds :
J (x;µ,σ,γ,δ)= δ
σ
p
2pi
√
1+ ( x−µσ )2
exp
{
−1
2
[
γ+δarcsinh
(x−µ
σ
)]2}
(4.3)
75
76 CP-asymmetries measurement
This distribution models experimental data that are approximately gaussian. The parameters
µ and σ represent the mean value and width of the distribution, while the shape parameters γ
and δ describe the asymmetry (due, e.g., to radiative effects) and sharpness of the distribution,
respectively.
In the fit, the γ and δ parameters are shared between the two signals, while they have differ-
ent values of σ. The µDs −µD difference is fixed to the PDG value, while the Ds mean value µDs
is allowed to float in the fit, to accommodate for possible momentum scale errors.
4.1.2 Background PDF
The background is modeled with a Chebychev polynomial, for which we have found that the
2nd order is sufficient. The distribution is defined as:
T (x;C0, ..., cn)= 1
N
·
(
T 0(x)+
n∑
k=1
ck T
k (x)
)
(4.4)
where Tk (x) is a Chebychev polynomial of k
th order, ck is the related coefficient and N is a
normalization factor. The Chebychev polynomials Tk (x) satisfy the recursive relation Tn+1(x)=
2x Tn −Tn−1, with T0(x)= 1 and T1(x)= x.
We allow background non-peaking contributions that are not described by a specific compo-
nent in the fit to be incorporated by the combinatorial background component. For peaking
background contributions, a systematic uncertainty is evaluated (see Chapter 5).
4.1.3 Fit strategy
The fit is performed as a simultaneous fit to the invariant mass distribution of the η′pi system, as
returned by the DTF, for both positively and negatively charged events, for each year, polarity,
and trigger configuration.
CP-asymmetries are introduced as fit parameters through the relations with the number of
positively and negatively charged events:
N +k =
Nk (1+ AC P )
2
N −k =
Nk (1− AC P )
2
(4.5)
whereNk , where k =Ds , D , bkg represents the total event yield for the k-th species. The signal
and background yields and CP-asymmetries, i.e., ND , NDs , , Nbkg , A
D
C P , A
Ds
C P and A
bkg
C P , are al-
lowed to float in the fit.
Events with opposite charges share the same background and signal model. Signal PDF pa-
rameters, i.e., µDs , σD , σDs , γ, δ, are common to positively and negatively charged events.
Background PDF parameters, i.e., c+0 , c
+
1 , c
−
0 , c
−
1 , are allowed to vary between different classes
of events in order to account for possible differences in the background composition for the
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two sub-sets. Distributions of 80000 positively charged events and of 80000 negatively charged
events are displayed in Figure 4.1, showing that discrepancies between the two samples vary
within the 2σ range.
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Figure 4.1: D-mass distribution for 80000 events for both positively and negatively charged events, for D_TIS (up)
and eta_TOS (bottom) samples. Pulls-distribution between the two distributions is shown for each plot.
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4.1.4 Blind procedure before the analysis approval by the collaboration
To avoid possible experimenter bias we perform a so-called “blind” measurement, in which
we analyze the data without looking at the real value of the result. To this purpose we add an
unknown random shift to the definition of the CP-asymmetries:
Abl i ndC P (D)= AC P +α , Abli ndC P (Ds)= AC P +β (4.6)
These shifts are different for the Ds and D CP-asymmetries, but do not change with different
polarity, year, trigger configurations, thus allowing to check the consistency of our results. This
shift will be removed after the analysis is approved by the LHCb Collaboration.
4.2 Fit results
We perform a fit for each year, polarity, trigger configuration to the samples defined by the
selection cuts described in Tables 3.13 and 3.14. The extracted CP-asymmetries and yields are
shown in Table 4.2, while the extracted signal-parameters are listed in Table 4.1.
The mass values µDs obtained with the two different year samples, magnet polarity and trigger
condition are compatible within 1σ, although it is possible to see that the µDs values found
for the Magnet Up polarity are systematically higher than those with Magnet down polarity.
The average values of µDs in the two aforementioned polarity conditions are separated by 2σ.
The values of σDs and σD show a dependence on the trigger condition, while being compatible
among samples with different beam energy or magnet polarity.
CP-asymmetries are extracted at the 1% level for all samples. The statistical precision on AC P
in the Ds mode is a roughly a factor of 2 better than precision achieved for the D mode, due
to a higher signal yield and a lower background. The model is superimposed to data in Figures
4.2−4.5.
Year Polarity trigger µDs σDs σD γ δ
2011 up TIS 1969.30 ± 0.11 8.3 ± 0.2 7.6 ± 0.3 -0.016 ± 0.079 0.48 ± 0.05
2011 up TOS 1969.40 ± 0.11 8.9 ± 0.2 8.2 ± 0.3 0.194 ± 0.09 0.44 ± 0.05
2011 down TIS 1969.20 ± 0.09 7.8 ± 0.1 7.3 ± 0.2 -0.02 ± 0.09 0.41 ± 0.04
2011 down TOS 1969.20 ± 0.10 9.1 ± 0.2 8.1 ± 0.3 0.049 ± 0.06 0.49 ± 0.04
2012 up TIS 1969.40 ±0.06 8.1 ± 0.1 7.6 ± 0.2 0.057 ± 0.048 0.47 ± 0.03
2012 up TOS 1969.30 ±0.07 9.2 ± 0.1 8.4 ± 0.2 0.001 ± 0.041 0.50 ± 0.03
2012 down TIS 1969.20 ± 0.06 8.0 ± 0.1 7.4 ± 0.1 0.01 ± 0.05 0.43 ± 0.03
2012 down TOS 1969.20 ± 0.06 9.1 ± 0.1 8.4 ± 0.2 0.075 ± 0.042 0.49 ± 0.03
Table 4.1: Signal-parameter results of the simultaneous fit between positively and negatively charged events, for
each year, polarity, trigger configuration. Selection cuts defined in Section 3.5 were applied.
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Figure 4.2: Model fit to data for Magnet Up (left) and Magnet Down(right) 2011 data samples, for D_TIS trigger-
configuration.
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Figure 4.3: Model fit to data for Magnet Up (left) and Magnet Down(right) 2012 data samples, for D_TIS trigger-
configuration.
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Figure 4.4: Model fit to data for Magnet Up (left) and Magnet Down(right) 2011 data samples, for eta_TOS trigger-
configuration.
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Figure 4.5: Model fit to data for Magnet Up (left) and Magnet Down(right) 2021 data samples, for eta_TOS trigger-
configuration.
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4.3 Subtraction of detection and production effects
Positively and negatively charged particles, entering the LHCb magnet with a given momen-
tum, are swept towards different regions of the downstream tracking system. Therefore, any
left-right asymmetry in the detector response may contribute to the detection asymmetry Adet .
The periodic inversion of the magnetic field in LHCb provides a means to cancel these detec-
tion asymmetries, by averaging the results obtained with the two magnet polarity configura-
tions. This cancellation, however, is not exact: e.g., a tilt of the magnetic field axis with respect
to the vertical direction would break the cancellation. Asymmetries due to different interaction
cross sections through matter between particle and anti-particle, as well as production asym-
metries, also do not cancel in the average over opposite magnetic field polarities. Production
asymmetries are O (1%) [35, 36], while material effects introduce asymmetries around 0.4% for
pions and 1% for kaons [59].
A robust approach for cancelling these effects consists in measuring the CP asymmetry for
each signal channel relative to control sample channels with similar decay topologies. A conve-
nient choice for the control channels is represented by the D+→ KSpi+ and D+s → φpi+ decays,
for which raw C P asymmetries have been measured with a precision of a few parts in 103 using
the 2011 LHCb dataset.
Production and material effects may exhibit a dependence on the kinematics of the D me-
son or the bachelor pion, respectively. To improve the cancellation of these effects in the differ-
ence between the asymmetries measured in signal and control channels, it is therefore useful to
extract raw asymmetries (and the average of the values for the two magnet polarities) in bins of
the kinematic quantities describing the decay. This procedure allows to calculate the following
difference of raw CP asymmetries, in which production and material effects cancel bin by bin:
∆AC P (D
+→ η′pi+)≡ Ar aw (D+→ η′pi+)− Ar aw (D+→KSpi+), 1 (4.7)
∆AC P (D
+
s → η′pi+)≡ Ar aw (D+s → η′pi+)− Ar aw (D+s →φpi+). (4.8)
As variables describing the kinematics of the bachelor pion we choose the transverse mo-
mentum with respect to the z axis (PT ), the pseudorapidity (η) and the azimuthal angle (φ). We
adopt a 3×3×4 binning in PT , η and φ defined as follows:
• PT : (350 - 1500 - 3000 - 20000) MeV/c;
• η : 2 - 2.8 - 3.2 - 5;
• φ : -pi−-pi/2 − 0 − pi − pi/2
1The expected CP violation in the neutral kaon system was calculated in [35, 60] and was found to be small
enough to ignore.
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This choice aims to roughly balance the number of events per bin. In Figure 4.6 the plot of
the events (without background-subtraction) as a function of η and PT of the bachelor pion is
shown, for each trigger sample, with the kinematic binning overlapped. The correlations be-
tween the D kinematic variables and the corresponding bachelor pion ones can be observed in
Figure 4.7.
To extract Ar aw (D+→ η′pi+) and Ar aw (D+s → η′pi+) in each kinematic bin, we repeat the maxi-
mum likelihood fit of the model defined in Sec. 4.1 to the MD distribution of the events that be-
long to that bin. Signal parameters are fixed to the values obtained in the previous section (Ta-
ble 4.1) for the corresponding year, trigger and polarity configuration. Raw CP-asymmetries for
each year, polarity, trigger configurations in each kinematic-bin are reported in Tables 4.3−4.6.
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Figure 4.6: The events, without background subtraction, as a function of η and PT of the pibach , with the kinematic
binning overlapped for the D_TIS sample (a) and eta_TOS sample (b). 2011 data, with Magnet Up polarity.
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Figure 4.7: The events, without background subtraction, for the D_TIS (left) and eta_TOS (right) samples as a
function of the η ((a) and (b)) , PT ((c) and (d)) and φ ((e) and (f)) of D and pibach particles. 2012 data sample with
magnet-down polarity.
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Bin
PT −η Bin φ Au(D) (%) Ad (D) (%) Av. (%) Au(Ds) (%) Ad (Ds) (%) Av. (%)
1 1 -33.6 ± 14.2 8.5 ± 17.6 -12.6 ± 11.3 -73.4 ± 9.5 -71.8 ± 7.8 -72.6 ± 6.1
2 2 5.3 ± 17.9 -23.8 ± 13.4 -9.2 ± 11.2 -58.2 ± 9.1 -69.7 ± 7 -63.9 ± 5.8
3 3 -0.9 ± 12.8 -24.8 ± 14.2 -12.8 ± 9.5 -60.2 ± 8.7 -81 ± 8.4 -70.6 ± 6
4 4 -35 ± 14.7 -8.3 ± 11.2 -21.7 ± 9.2 -69.1 ± 8.8 -60.6 ± 7.6 -64.9 ± 5.8
5 1 -16.8 ± 12.8 -7.2 ± 10.8 -12 ± 8.4 -67.7 ± 8 -66.3 ± 6.6 -67 ± 5.2
6 2 -4.5 ± 11.4 -21.4 ± 10.9 -12.9 ± 7.9 -60.6 ± 7 -70 ± 6.8 -65.3 ± 4.9
7 3 -22.8 ± 13.2 -5.5 ± 10.7 -14.2 ± 8.5 -70.8 ± 7.9 -71.4 ± 6.4 -71.1 ± 5.1
8 4 -19.2 ± 13.1 -23.2 ± 11.4 -21.2 ± 8.7 -82.6 ± 8 -63.6 ± 6.3 -73.1 ± 5.1
9 1 -17.3 ± 11.4 -20.7 ± 9.4 -19 ± 7.4 -61.1 ± 6.1 -66.2 ± 5 -63.6 ± 3.9
10 2 5.6 ± 10.5 -17.9 ± 9.2 -6.2 ± 7 -62.3 ± 6.5 -67 ± 5.4 -64.6 ± 4.2
11 3 -29.3 ± 10.8 -5.7 ± 8.7 -17.5 ± 6.9 -66 ± 5.9 -69.2 ± 5.1 -67.6 ± 3.9
12 4 -12.4 ± 9.9 -7.2 ± 9 -9.8 ± 6.7 -67.7 ± 6.2 -74.1 ± 5.1 -70.9 ± 4
13 1 -1.9 ± 13.4 -15.8 ± 14 -8.9 ± 9.7 -72.1 ± 7.8 -67.6 ± 6 -69.9 ± 4.9
14 2 -40.1 ± 15.7 -28.4 ± 9.9 -34.2 ± 9.3 -84.9 ± 7.4 -57.8 ± 6.1 -71.4 ± 4.8
15 3 -30.3 ± 16.6 -15.5 ± 10.6 -22.9 ± 9.9 -78 ± 6.9 -63.4 ± 5.4 -70.7 ± 4.4
16 4 -15.3 ± 14.1 -11.2 ± 13.1 -13.2 ± 9.6 -52.1 ± 6.7 -60.5 ± 6.3 -56.3 ± 4.6
17 1 7 ± 12 -4.9 ± 10.2 1.1 ± 7.9 -75.3 ± 6.9 -65.9 ± 6.6 -70.6 ± 4.8
18 2 -1.1 ± 14.6 -11.6 ± 10.8 -6.4 ± 9.1 -70.5 ± 7.8 -73.5 ± 6.1 -72 ± 5
19 3 -20.4 ± 13.5 1.5 ± 12.9 -9.5 ± 9.3 -66.5 ± 7.9 -70.3 ± 5.9 -68.4 ± 4.9
20 4 -16.7 ± 18.7 -18.5 ± 12.2 -17.6 ± 11.2 -51.7 ± 7.9 -59.5 ± 6.2 -55.6 ± 5
21 1 -6.7 ± 14 11.8 ± 11.9 2.6 ± 9.2 -67.9 ± 6.5 -69.7 ± 5.6 -68.8 ± 4.3
22 2 -20.4 ± 13.9 -10.3 ± 10.6 -15.4 ± 8.8 -73.5 ± 7 -77.5 ± 5.8 -75.5 ± 4.6
23 3 -11.2 ± 13.3 -0.1 ± 11.6 -5.6 ± 8.8 -69.7 ± 6.4 -71.3 ± 5.1 -70.5 ± 4.1
24 4 -31.3 ± 12.4 -9.8 ± 10.8 -20.6 ± 8.2 -72.5 ± 6.4 -59.1 ± 5.3 -65.8 ± 4.1
25 1 -23.1 ± 14.4 -21.4 ± 12.8 -22.2 ± 9.6 -70 ± 6.8 -62.5 ± 5.9 -66.3 ± 4.5
26 2 -28.1 ± 17.8 -43.7 ± 12.9 -35.9 ± 11 -57.3 ± 7.4 -68.2 ± 5.4 -62.8 ± 4.6
27 3 -10.9 ± 12.6 -9.5 ± 10.1 -10.2 ± 8.1 -72.4 ± 6.5 -68.4 ± 5.7 -70.4 ± 4.3
28 4 -1.7 ± 11.3 -20.5 ± 13.3 -11.1 ± 8.7 -74.5 ± 6.9 -79.7 ± 6.1 -77.1 ± 4.6
29 1 -7.9 ± 15.6 -20.3 ± 13.7 -14.1 ± 10.4 -70.9 ± 6.8 -65.3 ± 6 -68.1 ± 4.5
30 2 -19 ± 14.4 -8.8 ± 13.6 -13.9 ± 9.9 -66.9 ± 7 -67.3 ± 6.4 -67.1 ± 4.8
31 3 -11.5 ± 15 7.5 ± 14.6 -2 ± 10.5 -73.5 ± 6.5 -80.4 ± 5.5 -77 ± 4.3
32 4 -6.7 ± 19.3 7.6 ± 14.7 0.4 ± 12.1 -66.1 ± 7.1 -64.6 ± 6.4 -65.4 ± 4.8
33 1 -23.1 ± 15.9 18.1 ± 16.7 -2.5 ± 11.5 -77.8 ± 8.3 -61.1 ± 6.5 -69.5 ± 5.3
34 2 -27 ± 22.7 -2.6 ± 15.7 -14.8 ± 13.8 -61 ± 9 -75.6 ± 7.1 -68.3 ± 5.7
35 3 -3.5 ± 18.1 -22.3 ± 14.7 -12.9 ± 11.7 -53.7 ± 7.3 -70.7 ± 6.8 -62.2 ± 5
36 4 -48.9 ± 19.5 -4.3 ± 15.6 -26.6 ± 12.5 -69.3 ± 7.6 -47.2 ± 6.8 -58.3 ± 5.1
Table 4.3: Raw CP-asymmetries for Magnet-Up and Magnet-Down configurations (Au and Ad ) and the average
value (Av.) for both D+→ η′pi+ and D+s → η′pi+, in each kinematic bin. 2011 data, D_TIS trigger sample.
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Bin
PT −η Bin φ Au(D) (%) Ad (D) (%) Av. (%) Au(Ds) (%) Ad (Ds) (%) Av. (%)
1 1 -23 ± 18 16.9 ± 12.8 -3 ± 11 -75.8 ± 9.7 -51.6 ± 8.1 -63.7 ± 6.3
2 2 13.2 ± 15.1 10.6 ± 12.9 11.9 ± 9.9 -74.2 ± 9.3 -73.5 ± 7.2 -73.9 ± 5.9
3 3 4 ± 14.6 -39.1 ± 14.7 -17.6 ± 10.4 -56.7 ± 8.3 -85.2 ± 7.1 -71 ± 5.5
4 4 -14.2 ± 21.6 1.4 ± 14.6 -6.4 ± 13 -72.7 ± 9.9 -64.9 ± 7.9 -68.8 ± 6.4
5 1 -9.1 ± 14 7.1 ± 11.6 -1 ± 9.1 -57.8 ± 8.2 -72.1 ± 7.5 -64.9 ± 5.6
6 2 -12.9 ± 21 -29.8 ± 12.2 -21.3 ± 12.1 -76.2 ± 8.7 -61.4 ± 7.5 -68.8 ± 5.7
7 3 -3.8 ± 13 -7.9 ± 12.9 -5.8 ± 9.2 -77.7 ± 7.2 -65.7 ± 6.4 -71.7 ± 4.8
8 4 -25.1 ± 13.1 -4.2 ± 13.7 -14.7 ± 9.5 -78.2 ± 7.9 -53.5 ± 7.2 -65.8 ± 5.3
9 1 -5.5 ± 12.4 -13.5 ± 10.8 -9.5 ± 8.2 -62.2 ± 7.1 -66.8 ± 5.8 -64.5 ± 4.6
10 2 -6.6 ± 11.9 -21.2 ± 11.8 -13.9 ± 8.4 -61.4 ± 7.2 -66.2 ± 6.1 -63.8 ± 4.7
11 3 2.6 ± 11.8 -6.6 ± 9.4 -2 ± 7.5 -71 ± 6.7 -62.3 ± 5.1 -66.7 ± 4.2
12 4 -16.5 ± 11.6 -40.8 ± 9.4 -28.6 ± 7.5 -70 ± 6.9 -62.1 ± 5.4 -66.1 ± 4.4
13 1 -37.1 ± 14.2 -33.5 ± 13 -35.3 ± 9.6 -57.9 ± 7.2 -63.4 ± 6.1 -60.7 ± 4.7
14 2 -23.6 ± 12.7 -22.6 ± 11.6 -23.1 ± 8.6 -70.1 ± 7 -63.7 ± 5.8 -66.9 ± 4.5
15 3 -13.2 ± 12.6 -10.7 ± 9.7 -12 ± 7.9 -67.1 ± 6.5 -65 ± 5.9 -66 ± 4.4
16 4 -12.9 ± 16.3 -8.2 ± 12.3 -10.5 ± 10.2 -51.6 ± 7.4 -74.1 ± 6.5 -62.9 ± 4.9
17 1 -9.7 ± 14.6 -14.3 ± 13.8 -12 ± 10.1 -72.5 ± 7.3 -70.4 ± 6.8 -71.5 ± 5
18 2 -4.3 ± 16.3 15.7 ± 13.4 5.7 ± 10.6 -69.8 ± 7.4 -67.9 ± 6.9 -68.9 ± 5
19 3 -31.5 ± 13.9 -9.4 ± 10.6 -20.5 ± 8.8 -64.8 ± 7.2 -70.4 ± 6 -67.6 ± 4.7
20 4 -26.8 ± 14.7 10.5 ± 12.2 -8.2 ± 9.6 -74.4 ± 7.8 -56.4 ± 6.1 -65.4 ± 5
21 1 25.6 ± 12.7 -25.1 ± 12.4 0.2 ± 8.9 -67.6 ± 6.9 -70.9 ± 5.5 -69.3 ± 4.4
22 2 -19.7 ± 14.7 -3.5 ± 13.1 -11.6 ± 9.8 -62.4 ± 7.8 -59.9 ± 6.5 -61.2 ± 5.1
23 3 -19.7 ± 12 -32.2 ± 11.2 -25.9 ± 8.2 -63.9 ± 6.6 -68.5 ± 5.4 -66.2 ± 4.2
24 4 6.2 ± 12.3 -30.8 ± 12.2 -12.3 ± 8.6 -66.4 ± 6.8 -68.4 ± 5.8 -67.4 ± 4.5
25 1 3.7 ± 11.4 -5.8 ± 10.6 -1 ± 7.8 -66 ± 5.2 -85.3 ± 4.4 -75.7 ± 3.4
26 2 -27.9 ± 12.1 -11.8 ± 9.6 -19.8 ± 7.7 -84.7 ± 4.9 -51.9 ± 4.2 -68.3 ± 3.2
27 3 -13.7 ± 8.8 2.8 ± 8.7 -5.5 ± 6.2 -79.3 ± 4.7 -52.2 ± 3.9 -65.8 ± 3.1
28 4 10.3 ± 12.1 -44.5 ± 8.9 -17.1 ± 7.5 -59.6 ± 5.5 -89.2 ± 4.4 -74.4 ± 3.5
29 1 -4.9 ± 13.4 -24.6 ± 11.9 -14.8 ± 9 -58.6 ± 6.3 -69.8 ± 4.7 -64.2 ± 3.9
30 2 -10.1 ± 11.8 -16.3 ± 11.8 -13.2 ± 8.3 -65 ± 6.4 -63.4 ± 5.2 -64.2 ± 4.1
31 3 -39.9 ± 11.7 -12.3 ± 9.7 -26.1 ± 7.6 -67.8 ± 5.7 -66 ± 4.6 -66.9 ± 3.6
32 4 -9.5 ± 11.2 -23.1 ± 11.6 -16.3 ± 8 -63.7 ± 5.8 -73.9 ± 4.8 -68.8 ± 3.8
33 1 -12.3 ± 11.5 -6.3 ± 8.8 -9.3 ± 7.2 -63.8 ± 5 -68.2 ± 4.2 -66 ± 3.3
34 2 -9.2 ± 10.5 -14.6 ± 11.4 -11.9 ± 7.8 -73.1 ± 5.7 -68.6 ± 4.8 -70.8 ± 3.7
35 3 -41.5 ± 10.5 -13.4 ± 8.9 -27.5 ± 6.9 -74.8 ± 4.8 -66.3 ± 4.1 -70.6 ± 3.2
36 4 -22.8 ± 10.7 -14.8 ± 9.1 -18.8 ± 7 -55 ± 4.8 -64.4 ± 4 -59.7 ± 3.1
Table 4.4: Raw CP-asymmetries for Magnet-Up and Magnet-Down configurations (Au and Ad ) and the average
value (Av.) for both D+→ η′pi+ and D+s → η′pi+, in each kinematic bin. 2011 data, D_TIS trigger sample.
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Bin
PT −η Bin φ Au(D) (%) Ad (D) (%) Av. (%) Au(Ds) (%) Ad (Ds) (%) Av. (%)
1 1 -14 ± 8 -20.9 ± 7.9 -17.5 ± 5.6 -76.7 ± 4.4 -71.3 ± 4.4 -74 ± 3.1
2 2 -16.3 ± 7.8 -10.2 ± 8 -13.2 ± 5.6 -70.3 ± 4.6 -67.2 ± 4.3 -68.7 ± 3.2
3 3 -6.4 ± 7.8 -21.3 ± 8 -13.9 ± 5.6 -62.3 ± 4.3 -65.8 ± 4.2 -64.1 ± 3
4 4 -26.8 ± 8.1 -1.8 ± 8.2 -14.3 ± 5.7 -67.6 ± 4.4 -65.2 ± 4.4 -66.4 ± 3.1
5 1 -13.3 ± 7 -1.1 ± 7.9 -7.2 ± 5.3 -64.7 ± 4.2 -63.9 ± 4.2 -64.3 ± 3
6 2 -14.3 ± 7.4 -13.8 ± 6.8 -14.1 ± 5 -67.4 ± 4.1 -71.9 ± 4.1 -69.6 ± 2.9
7 3 2.9 ± 7.8 -16.1 ± 6.7 -6.6 ± 5.1 -67.9 ± 4.4 -67.2 ± 3.9 -67.5 ± 3
8 4 -22.7 ± 7.5 -4.6 ± 6.3 -13.7 ± 4.9 -72.5 ± 4.1 -64.4 ± 3.9 -68.5 ± 2.8
9 1 -21.5 ± 5.9 -10.2 ± 6.4 -15.9 ± 4.3 -67.5 ± 3.6 -64.5 ± 3.4 -66 ± 2.5
10 2 -5.1 ± 6.5 -7.7 ± 6.1 -6.4 ± 4.4 -64.4 ± 3.7 -63.8 ± 3.5 -64.1 ± 2.5
11 3 -6.2 ± 5.9 -8.4 ± 5.6 -7.3 ± 4.1 -66.4 ± 3.4 -62.6 ± 3.3 -64.5 ± 2.4
12 4 -17.1 ± 5.9 -11.4 ± 6 -14.2 ± 4.2 -69.2 ± 3.3 -66.1 ± 3.3 -67.7 ± 2.3
13 1 -25.1 ± 8.3 -7.2 ± 6.9 -16.2 ± 5.4 -61.1 ± 3.7 -63.3 ± 3.9 -62.2 ± 2.7
14 2 -20.1 ± 8.3 -2.9 ± 7.3 -11.5 ± 5.6 -72.5 ± 4 -70 ± 3.7 -71.2 ± 2.7
15 3 -9 ± 8.4 -3.6 ± 7.1 -6.3 ± 5.5 -61.8 ± 3.8 -70.8 ± 3.5 -66.3 ± 2.6
16 4 -7.6 ± 7.5 -17.2 ± 7.2 -12.4 ± 5.2 -62.3 ± 3.7 -73.7 ± 3.5 -68 ± 2.5
17 1 -10.1 ± 7.8 -2.5 ± 7.7 -6.3 ± 5.5 -70.1 ± 4.1 -60 ± 4 -65.1 ± 2.9
18 2 -4.5 ± 8.1 -10.7 ± 8.8 -7.6 ± 6 -70.5 ± 4.1 -64.1 ± 4.2 -67.3 ± 2.9
19 3 -33.1 ± 7.5 -23.5 ± 7 -28.3 ± 5.1 -65.8 ± 4 -75.5 ± 3.8 -70.7 ± 2.8
20 4 -3.1 ± 8.2 -3.1 ± 7.8 -3.1 ± 5.7 -62.1 ± 3.9 -72.3 ± 3.9 -67.2 ± 2.8
21 1 -18.1 ± 9.3 -4.4 ± 7.8 -11.2 ± 6 -76.5 ± 3.8 -62.6 ± 3.8 -69.5 ± 2.7
22 2 -2.4 ± 9 -21.5 ± 8.4 -11.9 ± 6.1 -59.7 ± 4.2 -64.6 ± 3.7 -62.1 ± 2.8
23 3 -1.8 ± 8.3 -15.9 ± 6.9 -8.9 ± 5.4 -67.2 ± 3.8 -68.1 ± 3.6 -67.6 ± 2.6
24 4 -13.4 ± 7.6 6 ± 7.2 -3.7 ± 5.2 -79.4 ± 3.7 -63.7 ± 3.6 -71.5 ± 2.6
25 1 -16.1 ± 8.7 -17.9 ± 8.5 -17 ± 6.1 -64.1 ± 3.6 -68.5 ± 3.5 -66.3 ± 2.5
26 2 -10.2 ± 9 -17 ± 8 -13.6 ± 6 -72.8 ± 3.7 -70.3 ± 3.6 -71.6 ± 2.6
27 3 -17.5 ± 7.5 -17.9 ± 6.9 -17.7 ± 5.1 -60.8 ± 3.7 -62.7 ± 3.4 -61.7 ± 2.5
28 4 -17.6 ± 8.1 0.1 ± 7.9 -8.7 ± 5.6 -68.2 ± 3.7 -71.3 ± 3.5 -69.8 ± 2.5
29 1 -10.2 ± 9.5 -11.9 ± 10.3 -11.1 ± 7 -70.3 ± 4.1 -68.4 ± 3.9 -69.3 ± 2.9
30 2 -13.5 ± 10.2 -24.3 ± 8.2 -18.9 ± 6.6 -71.3 ± 4.2 -76.5 ± 3.9 -73.9 ± 2.9
31 3 -18.5 ± 9.3 -21.8 ± 10.1 -20.1 ± 6.9 -71.1 ± 3.8 -73.1 ± 3.8 -72.1 ± 2.7
32 4 -18.1 ± 8.6 -10.6 ± 8 -14.3 ± 5.9 -74 ± 3.9 -65.6 ± 4 -69.8 ± 2.8
33 1 -11 ± 10.6 7.5 ± 9.4 -1.8 ± 7.1 -71.2 ± 4.7 -60 ± 4.7 -65.6 ± 3.4
34 2 -7.4 ± 10.8 -23.2 ± 9.2 -15.3 ± 7.1 -74.4 ± 4.9 -77.7 ± 4.6 -76 ± 3.4
35 3 -10.2 ± 11.3 -7.7 ± 9.8 -8.9 ± 7.5 -61.2 ± 4.4 -77.8 ± 4 -69.5 ± 3
36 4 -27.8 ± 9.7 -3.7 ± 11 -15.8 ± 7.3 -72.7 ± 4.5 -67.2 ± 4.1 -70 ± 3.1
Table 4.5: Raw CP-asymmetries for Magnet-Up and Magnet-Down configurations (Au and Ad ) and the average
value (Av.) for both D+→ η′pi+ and D+s → η′pi+, in each kinematic bin. 2011 data, D_TIS trigger sample.
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Bin
PT −η Bin φ Au(D) (%) Ad (D) (%) Av. (%) Au(Ds) (%) Ad (Ds) (%) Av. (%)
1 1 -5.4 ± 8.6 -7.7 ± 9.4 -6.6 ± 6.4 -69.5 ± 4.9 -60.3 ± 5.1 -64.9 ± 3.6
2 2 -8.2 ± 9.5 -15.3 ± 9.2 -11.7 ± 6.6 -63.6 ± 5.4 -70 ± 5 -66.8 ± 3.7
3 3 -28.2 ± 8.8 -17 ± 8.3 -22.6 ± 6 -62.2 ± 4.9 -61.4 ± 4.5 -61.8 ± 3.3
4 4 -9 ± 8.7 11.4 ± 9.9 1.2 ± 6.6 -72.6 ± 5.1 -62.4 ± 4.9 -67.5 ± 3.5
5 1 -12.8 ± 7.8 -23.9 ± 9.1 -18.4 ± 6 -71.2 ± 4.8 -67.1 ± 4.8 -69.2 ± 3.4
6 2 -24.3 ± 9 -15.7 ± 8.9 -20 ± 6.3 -74.8 ± 4.9 -72.1 ± 4.6 -73.4 ± 3.3
7 3 -10.7 ± 8 -3.4 ± 7.4 -7 ± 5.4 -64.7 ± 4.5 -71.7 ± 4.2 -68.2 ± 3.1
8 4 -10.2 ± 7.9 -4.4 ± 7.3 -7.3 ± 5.4 -73 ± 4.7 -62.6 ± 4.5 -67.8 ± 3.2
9 1 -9 ± 7.2 -9.3 ± 7.9 -9.2 ± 5.3 -79.2 ± 4 -66 ± 4.1 -72.6 ± 2.9
10 2 -9.8 ± 7.6 -12.3 ± 8.2 -11.1 ± 5.6 -71.8 ± 4.3 -69.6 ± 4.3 -70.7 ± 3
11 3 -8.1 ± 7.4 -10.8 ± 7.4 -9.5 ± 5.2 -65.4 ± 4.2 -63 ± 4.1 -64.2 ± 2.9
12 4 -13.3 ± 7.5 -19 ± 7 -16.1 ± 5.1 -71.8 ± 3.9 -70.2 ± 3.9 -71 ± 2.8
13 1 -17 ± 6.9 -5.1 ± 7.8 -11 ± 5.2 -69.6 ± 3.9 -60.7 ± 4.1 -65.2 ± 2.8
14 2 -27.1 ± 7.5 -3.1 ± 7.4 -15.1 ± 5.2 -71.6 ± 4.2 -69.7 ± 3.8 -70.7 ± 2.8
15 3 -13.9 ± 7.7 -18.3 ± 7.5 -16.1 ± 5.4 -58.8 ± 3.8 -65.3 ± 3.7 -62.1 ± 2.7
16 4 -18.5 ± 7.2 -15 ± 7.1 -16.8 ± 5.1 -61.1 ± 4 -69.8 ± 3.9 -65.5 ± 2.8
17 1 -21.5 ± 9.2 -26.7 ± 9.8 -24.1 ± 6.7 -67.2 ± 4.5 -57.2 ± 4.5 -62.2 ± 3.2
18 2 -1 ± 9.3 -3.6 ± 8.6 -2.3 ± 6.3 -61.6 ± 5.3 -69.2 ± 4.4 -65.4 ± 3.4
19 3 0.9 ± 8.4 -7.6 ± 8.5 -3.3 ± 6 -65 ± 4.4 -68.7 ± 4.3 -66.9 ± 3
20 4 -16.3 ± 8.2 -15.8 ± 8.9 -16 ± 6 -68 ± 4.4 -64.8 ± 4.3 -66.4 ± 3.1
21 1 -16.7 ± 8.2 -14.9 ± 8.7 -15.8 ± 6 -56.4 ± 4.1 -73.8 ± 4.1 -65.1 ± 2.9
22 2 -4.6 ± 8.6 -5.8 ± 9.6 -5.2 ± 6.4 -75.2 ± 4.3 -55.6 ± 4.4 -65.4 ± 3.1
23 3 -20.8 ± 8.8 -2.4 ± 7.6 -11.6 ± 5.8 -77.2 ± 4 -58.9 ± 4 -68.1 ± 2.8
24 4 0.8 ± 8.4 -14.9 ± 7.6 -7 ± 5.7 -61.3 ± 3.9 -70 ± 3.8 -65.6 ± 2.7
25 1 -3.2 ± 5.8 -20.8 ± 6.1 -12 ± 4.2 -52.8 ± 2.7 -76.1 ± 2.8 -64.4 ± 2
26 2 -23.7 ± 6.2 5.1 ± 6.3 -9.3 ± 4.4 -78.1 ± 3 -56.2 ± 2.7 -67.1 ± 2
27 3 -30.9 ± 5.7 6.4 ± 5.8 -12.2 ± 4.1 -83.2 ± 2.7 -51.5 ± 2.6 -67.3 ± 1.9
28 4 -4.6 ± 6.1 -24.9 ± 6 -14.8 ± 4.3 -54.4 ± 2.7 -78.2 ± 2.7 -66.3 ± 1.9
29 1 -13.8 ± 7.5 -16.6 ± 7 -15.2 ± 5.1 -67.1 ± 3.3 -65.8 ± 3.4 -66.4 ± 2.4
30 2 -23.5 ± 8.2 -8.5 ± 7.4 -16 ± 5.5 -71 ± 3.6 -70.1 ± 3.4 -70.6 ± 2.5
31 3 -8.9 ± 7.5 -2.1 ± 7 -5.5 ± 5.1 -70 ± 3.3 -61 ± 3.2 -65.5 ± 2.3
32 4 -6.4 ± 7.3 -9.7 ± 6.9 -8.1 ± 5 -70.7 ± 3.2 -73.5 ± 3.2 -72.1 ± 2.3
33 1 4 ± 6.8 -21.1 ± 6.6 -8.5 ± 4.7 -58.5 ± 3 -72.3 ± 2.8 -65.4 ± 2
34 2 -18.8 ± 6.9 -16.3 ± 6.9 -17.5 ± 4.9 -69 ± 3.3 -61.9 ± 3 -65.5 ± 2.2
35 3 -28 ± 7.2 -24.9 ± 6.2 -26.4 ± 4.7 -71 ± 2.9 -63.9 ± 2.8 -67.4 ± 2
36 4 -8.5 ± 6.6 -27.3 ± 6.3 -17.9 ± 4.5 -62.4 ± 2.8 -69.8 ± 2.8 -66.1 ± 2
Table 4.6: Raw CP-asymmetries for Magnet-Up and Magnet-Down configurations (Au and Ad ) and the average
value (Av.) for both D+→ η′pi+ and D+s → η′pi+, in each kinematic bin. 2011 data, D_TIS trigger sample.
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4.4 Blind results
In this section we summarize the CP-asymmetry results for the D+s → η′pi+ and D+→ η′pi+ de-
cay modes. After averaging over positive and negative magnet polarities in each kinematic bin,
a weighted average over all kinematic bins for different years and trigger conditions was per-
formed (Table 4.7). Results are in good agreement with those obtained without performing the
binning (Table 4.8): the discrepancies between the global fit and the kinematic binned fit are
smaller than 1σ.
Year Trigger Ar aw (D+→ η′pi+) (%) Ar aw (D+s → η′pi+) (%)
2011 TIS -13.2 ± 1.5 -67.9 ± 0.8
2011 TOS -13.4 ± 1.4 -67.3 ± 0.7
2012 TIS -12.0 ± 0.9 -67.9 ± 0.5
2012 TOS -12.6 ± 0.9 -66.9 ± 0.4
Table 4.7: Simple averages for the two polarities of the raw CP-asymmetries resulting from the kinematic-binning
fit. Selection cuts defined in Section 3.5 were applied.
Year Trigger Ar aw (D+→ η′pi+) (%) Ar aw (D+s → η′pi+) (%)
2011 TIS -13.2 ± 1.5 -67.9 ± 0.8
2011 TOS -13.3 ± 1.4 -67.2 ± 0.7
2012 TIS -12.1 ± 0.9 -67.9 ± 0.5
2012 TOS -12.7 ± 0.9 -66.8 ± 0.4
Table 4.8: Simple averages for the two polarities of the raw CP-asymmetries resulting from the fit defined in Section
4.2. Selection cuts defined in Section 3.5 were applied.
By performing a weighted-average between the two trigger samples of Table 4.7, we finally
obtain:
Ar aw (D
+→ η′pi+) (2011)= (−13.3 ±1.0)% (4.9)
Ar aw (D
+
s → η′pi+) (2011)= (−67.6 ±0.5)% (4.10)
Ar aw (D
+→ η′pi+) (2012)= (−12.3 ±0.6)% (4.11)
Ar aw (D
+
s → η′pi+) (2012)= (−67.4 ±0.3)% (4.12)
By performing a weighted-average between the two trigger samples of Table 4.8, we finally ob-
tain:
Ar aw (D
+→ η′pi+) (2011)= (−13.3 ±1.0)% (4.13)
Ar aw (D
+
s → η′pi+) (2011)= (−67.6 ±0.5)% (4.14)
Ar aw (D
+→ η′pi+) (2012)= (−12.4 ±0.6)% (4.15)
Ar aw (D
+
s → η′pi+) (2012)= (−67.4 ±0.3)% (4.16)
90 CP-asymmetries measurement
Uncertainties are statistical only. Systematic uncertainties are summarized in Chapter 5.
In order to finalize the analysis, production asymmetries and residual detection asymmetries
must be subtracted from the raw asymmetries reported in Sec. 4.4, using the procedure outlined
in Sec. 1.2.4, i.e., calculating the following differences of raw CP asymmetries:
∆AC P (D
+→ η′pi+)≡ Ar aw (D+→ η′pi+)− Ar aw (D+→KSpi+), (4.17)
∆AC P (D
+
s → η′pi+)≡ Ar aw (D+s → η′pi+)− Ar aw (D+s →φpi+), (4.18)
The raw CP-asymmetry results at
p
s = 7 TeV for the control channels are available in bins of the
bachelor pion momentum [60, 61] and can be readily incorporated in the results of this analy-
sis. This will be done after the analysis is approved by the LHCb Collaboration. The production
asymmetries of the D and Ds mesons have not been measured at
p
s=8 TeV. For the 2012 sam-
ple, therefore, the CP asymmetries for the control channels will have to be determined in each
kinematic bin before we can proceed with the cancellation described in Section 4.3. However,
we can estimate the expected ∆AC P uncertainties in the 2012 sample under the assumption
that the statistical uncertainty of the production asymmetry results scale according to the lu-
minosity and that the systematic uncertainties do not change. We then obtain:
∆AC P (D
+→ η′pi+) (2011)= (x.x ±1.0)%
∆AC P (D
+
s → η′pi+) (2011)= (x.x ±0.5)%
∆AC P (D
+→ η′pi+) (2012)= (x.x ±0.7)%
∆AC P (D
+
s → η′pi+) (2012)= (x.x ±0.4)%,
where the errors are statistical only. A combination of the 2011 and 2012 sample yields:
∆AC P (D
+→ η′pi+) (3fb−1)= (x.x ±0.6)%
∆AC P (D
+
s → η′pi+) (3fb−1)= (x.x ±0.3)%
Chapter 5
Systematic uncertainties
CP asymmetries are subjected to several systematic uncertainties. In this chapter we list the
sources of systematic uncertainty and provide an estimate of their impact on AC P . In Section
5.1 the systematic uncertainties due to possible correlations in the trigger between the rest of
the event and the signal are evaluated. An estimate of the systematic uncertainty due to the
fit model is described in Section 5.2. Contaminations from peaking background and from the
secondary B-decays are evaluated in Sections 5.3 and 5.4, respectively. Finally, in Section 5.5 a
cross-check regarding the application of fiducial cuts is performed.
5.1 Systematics uncertainties associated with the L0 trigger se-
lection
The eta_TOS selection can be considered charge-unbiased, because it depends only on the ob-
servables of the neutral η′ meson. On the contrary, the D_TIS trigger sample might in principle
introduce a systematic bias, due to possible correlations of the signal with the rest of the event.
If the particle which activates the trigger is correlated to the signal decay, the asymmetry related
to this particle introduces a signal asymmetry. In order to give an initial estimate of this system-
atics, we look at the behaviour of raw charge asymmetries in the the D+ → K+pi+pi− control
sample [54] when varying the trigger requirements. Given a specific L0 trigger line, the devi-
ation between the Magnet Up-Magnet Down average asymmetry from the overall average can
be extracted (Table 5.1): these amount to 0.031% for the Hadron-trigger line and 0.049% for the
Photon line. Then, by weighting this deviation with the fraction of events which are triggered
by the specific line we assign a systematic uncertainty of 0.03%.
5.2 Fit model
The measured CP-asymmetries may depend on the pdf parametrization used in the fit. In
order to assign a systematic uncertainty due to the choice of the model, the background pdf
parametrization is replaced by an alternative parametrization featuring a 4th order Chebychev
polynomial for comparison.
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Trigger Type Magnet up Magnet down Average Difference
Hadron -2.037 ± 0.032 -1.970 ± 0.027 -2.003 ± 0.021 -0.068 ± 0.042
Muon -2.361 ± 0.041 -1.607 ± 0.035 -1.984 ± 0.07 -0.754 ± 0.053
Electron -2.094 ± 0.048 -2.201 ± 0.041 -2.148 ± 0.031 -0.106 ± 0.063
Photon -1.937 ± 0.070 -2.230 ± 0.060 -2.083 ± 0.046 -0.293 ± 0.092
Overall average -2.128 ± 0.021 -1.940 ± 0.018 -2.034 ± 0.014 -0.188 ± 0.028
Table 5.1: Raw charge asymmetries, expressed in %, in samples of the D+ → K+pi+pi− control decay in which a
track not from the signal decay actived various hardware triggers [54] (pag. 53).
The results obtained with a 4th order polynomial are:
Year Trigger Ar aw (D+→ η′pi+) (%) Ar aw (D+s → η′pi+) (%)
2011 TIS -13.5 ± 1.6 -67.8 ± 0.8
2011 TOS -13.5 ± 1.5 -67.1 ± 0.7
2012 TIS -12.4 ± 1.0 -67.7 ± 0.5
2012 TOS -13.0 ± 0.9 -66.7 ± 0.4
Table 5.2: Simple averages for polarity configurations of the raw CP-asymmetries resulting from the fit with back-
ground modeled as a 4th order polynomial. Selection cuts defined in Section 3.5 were applied.
By performing a weighted-average between the two trigger samples, we obtain:
Ar aw (D
+→ η′pi+) (2011)= (−13.5 ±1.1)% (5.1)
Ar aw (D
+
s → η′pi+) (2011)= (−67.4 ±0.5)% (5.2)
Ar aw (D
+→ η′pi+) (2012)= (−12.7 ±0.7)% (5.3)
Ar aw (D
+
s → η′pi+) (2012)= (−67.1 ±0.3)% (5.4)
The observed discrepancies with are: 0.2% (D signal, 2011), 0.3% (D signal, 2012), 0.2% (Ds sig-
nal, 2011), and 0.3% (Ds signal, 2012). We therefore assign a systematic uncertainty of 0.3% on
the AC P measurement in the D and Ds channels, due to the background parameterization.
Since the mDs −mD was fixed at the PDG value mDs −mD =98.69 MeV/c2 during the fit, two
fits with the mass difference fixed at the PDG value 98.64 MeV/c2 and 98.74 MeV/c2 (central
value±1σ) were performed. In these fits the background model is a 2nd order Chebychev poly-
nomial.
The magnitudes of the shifts deriving from this change are then assumed as the systematic un-
certainties due to the fit model. Results obtained by fixing mDs −mD =98.64 are:
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Year Trigger Ar aw (D) (%) Ar aw (Ds) (%)
2011 TIS -13.5 ± 1.5 -67.7 ± 0.8
2011 TOS -13.8 ± 1.5 -66.9 ± 0.7
2012 TIS -12.4 ± 0.9 -67.7 ± 0.5
2012 TOS -12.7 ± 0.9 -66.8 ± 0.5
Table 5.3: Simple averages for polarity configurations of the raw CP-asymmetries resulting from the fit with mDs −
mD =98.64. Selection cuts defined in Section 3.5 were applied.
By performing a weighted-average between the two trigger samples, we obtain:
Ar aw (D
+→ η′pi+) (2011)= (−13.6 ±1.1)% (5.5)
Ar aw (D
+
s → η′pi+) (2011)= (−67.2 ±0.5)% (5.6)
Ar aw (D
+→ η′pi+) (2012)= (−12.5 ±0.6)% (5.7)
Ar aw (D
+
s → η′pi+) (2012)= (−67.2 ±0.3)% (5.8)
(5.9)
Results obtained by fixing mDs −mD =98.74 are:
Year Trigger Ar aw (D+→ η′pi+) (%) Ar aw (D+s → η′pi+) (%)
2011 TIS -13.5 ± 1.1 -67.7 ± 0.8
2011 TOS -13.3 ± 1.2 -67.2 ± 0.7
2012 TIS -12.4 ± 0.9 -67.7 ± 0.5
2012 TOS -12.6 ± 0.9 -66.8 ± 0.4
Table 5.4: Simple averages for polarity configurations of the raw CP-asymmetries resulting from the fit with mDs −
mD =98.74. Selection cuts defined in Section 3.5 were applied.
By performing a weighted-average between the two trigger samples, we obtain:
Ar aw (D
+→ η′pi+) (2011)= (−13.4 ±0.8)% (5.10)
Ar aw (D
+
s → η′pi+) (2011)= (−67.4 ±0.5)% (5.11)
Ar aw (D
+→ η′pi+) (2012)= (−12.5 ±0.6)% (5.12)
Ar aw (D
+
s → η′pi+) (2012)= (−67.1 ±0.3)% (5.13)
(5.14)
The maximum observed deviations from the results of the fit in Sec. 4.4 are: 0.3% (D signal,
2011), 0.1% (D signal, 2012), 0.4% (Ds signal, 2011) and 0.3% (Ds signal, 2012). We assign the
maximum observed shifts as systematics uncertainties.
5.3 Peaking background
Different asymmetry of peaking background under the signal can cause a bias in the CP-asymmetry
measurement. In order to give an estimate of this bias, events which feature the decay topology
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of possible peaking backgrounds are generated and then reconstructed as the decay modes of
our interest. In the last stage, we introduce a number of positively (N X+ ) and negatively (N X− )
events according to the definition of Ar aw (Equation 1.24):
N X+ =N X ·0.5 · (AXr aw +1) , N X− =N X ·0.5 · (AXr aw −1) (5.15)
where AXr aw is the asymmetry of the possible peaking background X and N
X is the number of
generated events which are reconstructed as the decays of our interest. Following this proce-
dure, these events are merged to our data and fitted in the model. Looking at the shift intro-
duced on the CP-asymmetry, an estimate of the systematic-uncertainty can be obtained.
5.3.1 K-contamination
A background under the D peak could be produced by the Ds → η′K decays. Assigning the pion
mass hypothesis to a kaon leads to the reconstruction of a lower energy respect to the correct
assignment. In the η′pi+ mass distribution this fact entails a shift of the events toward the D-
mass range (1850-1900 MeV/c2).
In Figure 5.1 the events with with the kaon-mass hypothesis assigned to the bachelor pion (piK )
are shown in function of several cut on the bachelor pion-PIDK variable. The PIDK< 0 cut se-
lects pions instead of kaons, while with the PIDK> 0, PIDK> 5 and PIDK> 10 cuts the kaon
contribution increases. It is useful to compare the first plot, with PIDK< 0, to the other plots
as it allows to recognize two different contributions: the D → piη′ decays, which are shifted
at ∼ 2100 MeV/c2 due to the incorrect kaon mass hypothesis on the bachelor pion, and the
D+s → K+η′ decays, which are shifted at ∼ 1970 MeV/c2 due to the correct kaon mass hypoth-
esis on the bachelor pion. The last contribution becomes clearly visible when the cut on the
PIDK is increased, i.e. when selecting kaon instead of pions. On the contrary, the D+→ pi+η′
peak is suppressed by the increasing cut on the PIDK, as we would have expected, since they
are pions.
In order to estimate this contamination, the number of events generated as Ds → η′K and re-
constructed as D+(s) → η′pi+ is:
NX =NDs
(
BF (Ds → η′K+)
BF (Ds → η′pi+)
)
(5.16)
where NDs is the total Ds event number extract by the fit (see Table 4.2). The current best mea-
surement of the Ds → Kη′ CP-asymmetry is (-6.1±3.0±0.3)% [37]. As an upper bound, asym-
metries of 20% order are considered. In Table 5.5 the averages between Magnet Up and Magnet
Down polarities, with and without the events generated as Ds → η′K decays, are shown.
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Figure 5.1: Distribution of the η′piK mass with the bachelor pion PIDK< 0 (a),> 0 (b),> 5 (c) and> 10 (d). 2011-2012
data, stripping output, inclusive of all existing trigger lines.
Year Trigger Ar aw (D+→ η′pi+) (%) Ar aw (D+s → η′pi+) (%)
2011 TIS -13.4 ± 1.5 -67.9 ± 0.8
2011 TOS -13.4 ± 1.4 -67.2 ± 0.7
2012 TIS -12.0 ± 0.9 -67.9 ± 0.5
2012 TOS -12.7 ± 0.8 -66.8 ± 0.4
Table 5.5: Simple averages for polarity configurations of the raw CP-asymmetries resulting from the fit with events
generated as Ds → η′K decays. Selection cuts defined in Section 3.5 were applied.
By performing a weighted-average between the two trigger samples, we obtain:
Ar aw (D
+→ η′pi+) (2011)= (−13.4 ±1.0)% (5.17)
Ar aw (D
+
s → η′pi+) (2011)= (−67.5 ±0.5)% (5.18)
Ar aw (D
+→ η′pi+) (2012)= (−12.4 ±0.6)% (5.19)
Ar aw (D
+
s → η′pi+) (2012)= (−67.2 ±0.3)% (5.20)
The observed deviations from the results of the fit in Sec. 4.4 are: 0.1% (D signal, 2011), 0.0% (D
signal, 2012), 0.1% (Ds signal, 2011) and 0.2% (Ds signal, 2012). We assign the observed shifts
as systematics uncertainties.
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5.3.2 D+s →φpi+ decays
The possible background contribution due to the D+s → φpi+, φ→ pi+pi−pi0 decays can be eval-
uated by applying the same procedure used for estimate the bias due to the K-contamination.
In order to determine the number of generated-decays reconstructed as D+s → η′pi+, the BFs of
the D+s → φpi+, φ→ pi+pi−pi0 decays had to be considered. We consider an asymmetry equal
to zero, since the measured CP-asymmetry in the D+s → φpi+ decay modes is measured to be
compatible with zero (-0.5 ± 0.8 ± 0.4) [49].
Year Trigger Ar aw (D+→ η′pi+) (%) Ar aw (D+s → η′pi+) (%)
2011 TIS -13.1 ± 1.5 -68.0 ± 0.8
2011 TOS -13.0 ± 1.4 -67.3 ± 0.7
2012 TIS -12.0 ± 0.9 -67.9 ± 0.5
2012 TOS -12.6 ± 0.8 -66.9 ± 0.4
Table 5.6: Simple averages for polarity configurations of the raw CP-asymmetries resulting from the fit defined in
Section 4.2 with events generated as Ds →φpi decays. Selection cuts defined in Section 3.5 were applied.
By performing a weighted-average between the two trigger samples, we obtain:
Ar aw (D
+→ η′pi+) (2011)= (−13.1 ±1.0)% (5.21)
Ar aw (D
+
s → η′pi+) (2011)= (−67.6 ±0.5)% (5.22)
Ar aw (D
+→ η′pi+) (2012)= (−12.3 ±0.6)% (5.23)
Ar aw (D
+
s → η′pi+) (2012)= (−67.3 ±0.3)% (5.24)
The observed deviations from the results of the fit in Sec. 4.4 are: 0.2% (D signal, 2011), 0.1% (D
signal, 2012), 0.0% (Ds signal, 2011) and 0.1% (Ds signal, 2012). We assign the observed shifts
as systematics uncertainties.
5.4 Contamination of secondary charm decays
In CP-asymmetry measurements, D from B decays represent a source of systematic uncertain-
ties due to the difference between the beauty and charm production asymmetries. The different
D and B hadron production asymmetries could introduce a term in the measured raw asym-
metry which would fake a signal of CP-violation. If f denotes the fraction of D from B decays,
the measured CP-asymmetry is given by the equation
Ar aw = AC P + Adet + ADpr od · (1− f )+ ABpr od · f = AC P + Adet + ADpr od +∆ABpr od (5.25)
where ∆ABpr od = (ABpr od − ADpr od ) · f . The B± production asymmetry is (−0.8±0.7)% [51], while
the B0 and B0s production asymmetries are −1.5±1.3% and −3.0±6.0% [52] respectively.
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They are measured as
AB
±
pr od =
NB− −NB+
NB− +NB+
, AB
0
pr od =
NB¯ 0 −NB 0
NB¯ 0 −NB 0
(5.26)
The convention used to calculate the first one is opposite with respect to the one used in this
analysis, but the asymmetries do not change since B+ decay to D− and B− decay to D+. In order
to give a conservative estimate of the systematic error, the D from B decay production asym-
metry is considered to be −1.5%.
Since the Monte Carlo simulations were not available, we couldn’t estimate f from the prompt
and secondary D-decay efficiencies. A rough estimate of f could be given looking at the variable
IP-χ2, i.e. the chi square of the impact parameter. The IP-χ2 can help to separate prompt from
secondary charm-hadrons, since correctly-reconstructed decays point back to the primary ver-
tex and thus are characterized by low IP-χ2, while secondary D-hadrons from displaced ver-
texes have an higher IP-χ2.
In Figure 5.2 the distributions of the ln(IP-χ2) for our sample, without any selection, and for
the sample used for the D0 →K+K−/D0 →pi+pi− analysis [53] (bottom) are shown. In the latter
one the tail due to the secondary D-decays is well visible. In our sample the ln(IP-χ2) shows a
cut-off at ∼ 2.5, which suppresses the tail of the secondary-charm. This is due to the cut on the
χ2BC /ndo f at the stripping level (see Section 3.10), where the DTF variable is calculated with a
constraint to the beam-spot, causing the suppression of D from B decays. A further suppression
occurs after the selection we have introduced (see Section 3.5), since a cut on the χ2BC variable
is introduced.
The correlation between IP-χ2/ln(IP-χ2) and χ2BC /ndo f variables is shown in Figure 5.3. In spite
of this cut, a contamination is still present. For example, non-prompt D hadrons which are
emitted collinear with the parent B-meson could be reconstructed as prompt-charm, since
their momenta point back to the primary vertex. These events represent the red-tail on the
left , under the IP-χ2 peak, in Figure 5.2 (b).
The residual fraction from secondary charm in the D0 → K+K−,pi+pi− analysis, after the appli-
cation of the ln(IP-χ2)< 2.2 selection cut, is estimated to be ∼ 3%. We conservatively assume a
residual contamination of 5% in our sample.
Considering the production asymmetry for D and Ds hadrons at 7 TeV collisions (Equation
1.29), the systematic introduced in the production asymmetry by charm from B decays is of
order 10−4:
∆ABpr od (D)=−0.027% , ∆ABpr od (Ds)=−0.0585% (5.27)
and therefore negligible with respect of our other uncertainties.
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Figure 5.2: ln(I Pχ2) distributions for our sample with only stripping selection (left) and for the D0 →K+K−,pi+pi−
analysis [53] (right).
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Figure 5.3: Distribution of the total number of events, after the selection cuts defined in Section 3.5.2 and before
the application of fiducial cuts, in bins of IP-χ2, χ2BC /ndo f (left) and ln(IP-χ
2), χ2BC /ndo f (left) .
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5.5 Fiducial cuts cross-check
Fiducial cuts (see Section 3.5.1) were applied to remove regions of pion kinematic space where
the pion asymmetry is 100%. In order to verify if these selection cuts entail a significant change
on the CP-asymmetries, it is possible to compare the results coming from the samples selected
through the fiducial cuts (Equations 5.28,5.31):
Ar aw (D
+→ η′pi+) (2011)= (−13.3 ±1.0)% (5.28)
Ar aw (D
+
s → η′pi+) (2011)= (−67.6 ±0.5)% (5.29)
Ar aw (D
+→ η′pi+) (2012)= (−12.4 ±0.6)% (5.30)
Ar aw (D
+
s → η′pi+) (2012)= (−67.4 ±0.3)% (5.31)
and those coming from the samples in which fiducial cuts are not applied (Equations 5.32,5.35):
Ar aw (D
+→ η′pi+) (2011)= (−13.1 ±0.8)% (5.32)
Ar aw (D
+
s → η′pi+) (2011)= (−67.9 ±0.3)% (5.33)
Ar aw (D
+→ η′pi+) (2012)= (−12.6 ±0.7)% (5.34)
Ar aw (D
+
s → η′pi+) (2012)= (−67.5 ±0.3)% (5.35)
The observed deviations from the results of the fit in Sec. 4.4 are: 0.2% (D signal, 2011), 0.2% (D
signal, 2012), 0.3% (Ds signal, 2011) and 0.1% (Ds signal, 2012). We do not assign any systematic
uncertainty associated to this shift.
5.6 Summary table of systematics uncertainties on CP-asymmetries
The systematics on CP-asymmetries are tabulated in table 5.7, for both D and Ds .
Systematic effect Ar aw (D+→ η′pi+) (%) Ar aw (D+s → η′pi+) (%)
Trigger asymmetries 0.03 0.03
Fit model 0.4 0.4
K contamination 0.1 0.2
φ contamination 0.2 0.0
D from B decays 0.03 0.06
Production asymmetry 0.18 0.10
Total uncertainty 0.5 0.5
Table 5.7: Summary of systematics uncertainties evaluated in the 2011 sample.
The most important source of systematic uncertainties are the variation of the background
model and K , φ contaminations for D signal. The total systematic uncertainty is 0.5% for both
D and Ds . Given the nature of the uncertainties, it is expected that their value will be similar, or
maybe slightly less, in the 2012 sample.
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Conclusions
This thesis describes the first reconstruction of charm decays into η(′) modes at a hadron col-
lider.
Clean samples of D+→ η′pi+ and D+s → η′pi+ decays have been reconstructed from the LHCb
Run I data, and a blind measurement of their CP asymmetry has been performed.
The analysis entails the opportunistic use of some trigger and off-line pre-selections designed
for other modes, since no dedicated selections for this modes existed in Run I, and the design
of a final selection optimized for the best AC P sensitivity.
From the analysis of the resulting event samples, that are the world’s largest, we obtained the
measurements (on 3fb−1):
∆AC P (D
+→ η′pi+)= (x.x±0.6(st at )±0.5(s y st ))× 10−2
∆AC P (D
+
s → η′pi+)= (x.x±0.3(st at )±0.5(s y st ))× 10−2
After collaboration approval, the central values of these results will be unblinded, yielding the
world’s most precise results for these modes, allowing for the first time a meaningful test of the
theory predictions.
As a consequence of the present study, a dedicated selection has been introduced in the trigger
for the Run II that is just starting, that will have a substantially larger efficiency. With this new
trigger, a further gain of an order of magnitude in yields is expected from Run II, leading to even
more precise measurements.
On a wider perspective, the results of this work are encouraging regarding the prospects for
future LHCb measurements in the wider field of neutral decay modes of heavy flavors.
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Appendix A
In this appendix are shown the three-pion mass distributions according to the different mass-
hypothesis assignment defined in table 8, for both η and η′ channel. The clear peak in some
plots represents the D → h+h−h+ decay.
pi+ pi+ K+ pi+ pi+ K+ K+ pi+ K+
pi− pi− pi− K− pi− K− pi− K− K−
pi+bach. pi
+ pi+ pi+ K+ pi+ K+ K+ K+
Category 1 2 3 4 5 6 7 8
Table 8: Particle-combination categories introduced by the Hlt2CharmHadD2HHH trigger line.
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Figure 4: Three-pions mass distribution for the η′ (up) and η (bottom) channels under the category number 2
mass-hypothesis . 2011-2012 data from the two trigger-samples and for both polarities. Events are selected with
only the stripping and trigger requirements. D_Hlt2_TOS stands for D_Hlt2CharmHadD2HHH_TOS and D_Hlt2_TIS
stands for D_Hlt2Global_TIS. The two black lines represent the Hlt2 mass range ([1800,2040] MeV/c2).
103
104 Appendix A
)2 (MeV/c+pi-K+piM
0 500 1000 1500 2000 2500 30000
0.01
0.02
0.03
0.04
0.05
  
D_Hlt2_TIS
D_Hlt2_TOS
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
0.16
0.18
0.2
(a) η
′
channel
)2 (MeV/c+pi-K+piM
0 500 1000 1500 2000 2500 30000
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
  
D_Hlt2_TIS
D_Hlt2_TOS
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
0.16
0.18
0.2
(b) η channel
Figure 5: Three-pions mass distribution for the η′ (up) and η (bottom) channels under the category number 3
mass-hypothesis . 2011-2012 data from the two trigger-samples and for both polarities. Events are selected with
only the stripping and trigger requirements. D_Hlt2_TOS stands for D_Hlt2CharmHadD2HHH_TOS and D_Hlt2_TIS
stands for D_Hlt2Global_TIS. The two black lines represent the Hlt2 mass range ([1800,2040] MeV/c2).
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Figure 6: Three-pions mass distribution for the η′ (up) and η (bottom) channels under the category number 4
mass-hypothesis . 2011-2012 data from the two trigger-samples and for both polarities. Events are selected with
only the stripping and trigger requirements.D_Hlt2_TOS stands for D_Hlt2CharmHadD2HHH_TOS and D_Hlt2_TIS
stands for D_Hlt2Global_TIS. The two black lines represent the Hlt2 mass range ([1800,2040] MeV/c2).
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Figure 7: Three-pions mass distribution for the η′ (up) and η (bottom) channels under the category num-
ber 5 mass-hypothesis . 2011-2012 data for both polarities with an L0-OR condition between the two trigger-
samples.D_Hlt2_TOS stands for D_Hlt2CharmHadD2HHH_TOS and D_Hlt2_TIS stands for D_Hlt2Global_TIS. The
two black lines represent the Hlt2 mass range ([1800,2040] MeV/c2).
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Figure 8: Three-pions mass distribution for the η′ (up) and η (bottom) channels under the category number 6
mass-hypothesis . 2011-2012 data 2011-2012 data for both polarities samples for both polarities with an L0-OR
condition between the two trigger-samples. D_Hlt2_TOS stands for D_Hlt2CharmHadD2HHH_TOS and D_Hlt2_TIS
stands for D_Hlt2Global_TIS.The two black lines represent the Hlt2 mass range ([1800,2040] MeV/c2).
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Figure 9: Three-pions mass distribution for the η′ (up) and η (bottom) channels under the category number 7
mass-hypothesis . 2011-2012 data from the two trigger-samples and for both polarities. Events are selected with
only the stripping and trigger requirements.D_Hlt2_TOS stands for D_Hlt2CharmHadD2HHH_TOS and D_Hlt2_TIS
stands for D_Hlt2Global_TIS. The two black lines represent the Hlt2 mass range ([1800,2040] MeV/c2).
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Figure 10: Three-pions mass distribution for the η′ (up) and η (bottom) channels under the category number 8
mass-hypothesis . 2011-2012 data for both polarities with an L0-OR condition between the two trigger-samples.
D_Hlt2_TOS stands for D_Hlt2CharmHadD2HHH_TOS and D_Hlt2_TIS stands for D_Hlt2Global_TIS. The two
black lines represent the Hlt2 mass range ([1800,2040] MeV/c2).
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